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Atmospheric Transmittance/Radiance:
Computer Code LOWTRAN 5

1. iVIROLUCTICN

This report desceribes a Tortran computer code, 1LOWTRAN 5, designed to
calculate atmospheric transmittance and radiance for a given atmospheric path at
moderate spectral resolution, This code is an extension of the current LOWTRAN
atrospheric code, LOWTRAN 41 (and its predecessors LOWTRAN 3B, 2 LOWTRAN
3 % and LOWTRAN 2%), All the options and capabilities of the LOWTRAN 4 code
have been retained, New altitude and relative humidity dependent aerosol models
and new fog models have been incorporated into LOWTRAN &, In addition, exten-
give resiructucing of the code into subroutines has been made for improved logical

fow ol the program and user understanding.

(Received for publication 20 Ifebruary 1980)
1. Sclby, J,EVA,, WKneizys, I, X,, Chetwynd Jr., J.1I,, and McClatchey, R,A.

(1978) Atmospheric Transmittance /Radiance: Computer Code LOWTRAN 4,
AVFGL-TR-=-T4-0053, AD A0S8 643,

2. Selby, JUEVAL, shettle, 15, P., and McClatchey, R.A. (1976} Atmospheric
Transmittance from 0,25 to 28,5 um: Supplement LOWTRAN 3B,
AFGIL.-TR-7T6-0208, AD AQ040 701,

3. Sclby, JLBEVAL, and MeClatehey, RLAL (1075) Atmospheric Transmitlance
from 0,25 to 28,5 gm: Computer Code LOWTRAN 3, AT'CRL-TR-75-0255,
A1) AO17 734,

4, Sclby, J.TLAL, sud MeClatehey, KA, (1072} Almoespheric ‘T'ransmittance
from 0,25 to 28,5 ume Computer Code LOWTRAN 2, AIFCRL-TR-72-0745,
AL Te3 721,
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The LOWTRAN code calculates atmospheric iransmittance and radiance,
averaged over 20-cm-1 intervals in steps of 5 cm-1 from 3590 to 40, 000 cm_l
(0.25 to 28,5 ym)., The vode uses a single~parameter band model for molecular
absorption, and includes the effects of continuum abscrption, molecular scatter-
ing and aerosol extinction. Refraction and earih curvature are included in the
calculation for slant atrmospheric paths. The code contains representative atmos-
pheric and aerosol models, and the option to replace them with user-derived or
measured values.

In this report, the model atmospheres and the new aerosol models in the code
are described in Sections 2 and 3. Yollowing this is a discussion of the spherical
geometry with refraction used in the program. In Sections 5 and 6§, a detailed
description of the calculation of atmospheric transmittance angd radiance is given,
The structure of the computer code is presented in Section 7, with a listing of the
code in Appendix A and a definition of symbols used in the main program given in
Appendix B, User instructions for the LOWTRAN code are given in Sectien 8,
Examples of the output of the program and illustrations of transmittance and rad-
iance spectra calculated from the code are presented in Sections 9 and 10. A
nomparison of the new LOWTRAN aerosol models with measurements is made in
Section 11. In Section 12, an example of the sensitivity of the code to meteorolog-
ical input parameters is given, Comments on the use and limitations of the code
are given in the last section,

In Appendix C, a segmented loader map of the LOWTRAN code run on the
AFGL CDC 6600 is given., A discussion of the method used in the program to cal-
culate water vapor density, relative humidity, and dew-point ternperature is con-
tained in Appendix D.

An additional set of stratospheric water vapor profiles for use in LOWTRAN
is described in Appendix E. In Appendix F, some previous LOWTRAN transmit-
tance and radiance comparisons with measurements have been reprinted.

The LOWTRAN 5 code will be mnade available from the National Climatic
Center, Fkederal Building, Asheville, NC 28801, It is requested thal users

receiving the code, remove cards 1,OW 320, 33C and 340 from the main program

{see Appendix A) and keypunch their name, affiliation, and address on these cards.
These cards will be used to update the AFGL LOWTRAN mailing list and for noti-
firation to users of changes in the code, They should be mailed to F, X. Kneizys,
ARGL/OPI, lianscom AFB, Bedford, MA 01731,




2. MODEL ATMOSPHERES

The altitude, pressure, tempecrature, water vapor density, and ozone density
for the U.S. Standard atmospherc and five seasonal model atmospheres are pro-
vided as basic input data for LOWTRAN, The model atmospheres correspond to
the 1962 U. S. Standard atmosphere5 and the five supplementary models; that is,
Tropical (15”N), Midlatitude Summer (45°N, July), Midlatitude Winter (45N,
January), Subarctic Summer (GOON, July), and Subarctic Winter (GOON, January),
The different models are digitized in 1-km steps from 0 to 25 km, 5-km steps from
25 to 50 km, then at 70 km and 100 km directly as given by McClatchey et al. 6

The water vapor and ozone altitude profiles added to the 1962 U.S, Standard
atmosphere by McClatchey ot alG were obtained from Sissenwine et al7 and Hering
et a18 respectively, and correspond to mean annual values., The water vapor
densities ror the 1962 U, S, Standard almosphere correspond to relative humidities
of approximately 50 percent for altitudes up to 10 km, whereas the relative humid-
ity values for the other supplementary models tend to decrease with altitude from
approximately 80 percent at sea level to approximately 30 percent at 10-km altitude.
The Sissenwine profiles are representative of ""moist" stratospheric water vapor
content, Alternative "dry" stratospheric water vapor profiles are provided in
LOWTRAN using subroutine DRYST:? discussed in Appendix ¥,

The temperature profiles forr the six model aimospheres as a function of alti-
tude arce shown in Figure 1, The pressure profiles are given in Figure 2. Fig-
gures 3a and 3b show the water vapor density vs altitude from 0 to 100 km, and
an expanded profile from 0 to 30 km. Figures 4a and 4b and Figures 5a and 5b
show similar profiles for ozone and for the uniformly mixed gases.

It is assumed in this report that mizing ratios of the pases, C()z, NZO' CH4,
Co, Nz, and O, x‘emainr constant at nll a‘l_LiLudes at the following values; 330, 0,28,
1.6, 0.073, 7.905 X 10", and 2, 095 X 10’ parts per million respectively. These
gases as a whole, with the cxception of nitrogen, will be referred to as the uni-
formly inixed gases,

Measurements made from balloon flights”, have shown the existence of nitric

.
acid in the earth's atmosphere, Although nitric acid is of enly minor importance
in atmospheric transmittance calculations, it has been shown to be a significant
source of stratospheric emission, particularly in the almospheric window region
from 10 to 12 um, Therefore, nitric acid has been added to the model atmos -
pheres as a separate atmosphevic absorber,

The concentration of atmospheric nitric acid varies with altitude and also ap-

pears to depend on latitude and season. Figure (6 shows the volume mixing ratio

Because of the large number of references cited above, they will not be listed here,
See References, page 141,
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profile of atmospheric nitric acid as a function of altitude from the measurements

of Evans, Kerr, and Wardle, 10

For the purpose of this report, we have chosen
this profile to represgent a mean nitric acid profile for the six model atmospheres
in the LOWTRAN program. This profile appears in a data statement in the pro-
gram, If a more definitive nitric acid profile lor a given latitude and scason is
available, the user can change the nitric acid concentration by simply replacing
the data statement given in the program.

In additicn to the model atmospheres provided in this report, the user has the
option of inserting his own model atmosphere (specifically designcd for direct
insertion of radiosonde data), or of building another model by combining various
parts of the six standard models,

10, Evans, W.F., Kerr, J.B., and Wardle, D,1. (1975) The AES Stratospheric
Balloon Measurements Project: Preliminary Results, Atmospheric
Fnvironment Service, Downsview, Ontario, Canada, Report No,

APRB 30 X 4,
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3. AEROSOL MODELS

3.1 Introduction

The aerosol models built into LOWTRAN 5 have been completely revised
from the earlier versions of the LOWTRAN code, Previous versions of LOWTRAN
used the same model for aerosol composition and size distribution at all altitudes,
simply changing the concentrations of the aerosols with height which means that the
wavelength dependence of the aerosol ¢xtinction was independent of altitude,

The variatiou of the aerosol optical properties with altitude ts now modeled by
dividing the atmosphere into four height regions each having a different type of
aerosol. These regions are the boundary or mixing layer (0 to 2 km), the upper
troposphere {2 to 10 km), the lower stratosphere (10 to 30 km), and the upper
atmosphere (30 to 100 km).

The earlier versions of LOWTRAN neglected changes in aerosol properties
caused by variations in relative huniidity, These aerosol models were represen-
tative of moderate relative humidities (around 80 percent). The miodels for the
troposphere (rural, urban, maritime and tropospheric) which were previously
used in LOWTRAN 38 and 4 have been updaied according to more recent measure-
ments and alsu are now given as a function of the relative humidity. In addition,
two different fog models have been introduced into the programni,

Only a brief description of the new aerosol models and their cxperimental and
theoretical bases will be prescuted in this report since they are described else-

where in detail. 11,12

3.2 Vertical Distribution in the Lower Atmosphere

The range of conditions in the boundary layer (up to 2 km) is represented by

three different asrosel models (rural, urban, or maritime) for cach of several

11, Shettle, E.P., and Fenn, R.W. {1976) Models of the Atmospheric Aerosols
and their Qptical Properties, in AGARD Conference Froceedings No. 183
Optical Propagation in the Atmosphere. Presented ot the Ilectromagnetic

ave Propagation Panel Symposium, Lyngby, Denmark, 27-31 October
1975, AGARD-CP-183, aveilable from U.S5. National Technical Information
Service (No, AD-A028-615),

12, Shettle, E.P., and Fenn, R.W. (1976) Models of the Acrosols of the Lower
Atmosphere and the Bffects of Humidity Varialions on their Optical )
Properties, AFGL-TR-79-0214, I7 Scptember,
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metcorological r.-mgvs* between 2 and 50 km, and as a function of humidity. In
the boundary layer the shape of the aerosol size distribution and the composition
of the three surface models are assumed to be invariant with altitude, Therefore
only the total particle number is being varied, Although the total number density
of air molecules decreases approximately cexponentially with altitude, there is
considerable cxperimental data which show that the acrosol concentration very
often has a rather dilferent vertical profile., One finds that, especially undcr
moderate to low visibility conditions, the aerosols are concentrated in a uniformly
mixed layer from the surface up to about 1- to 2-kim altitude and that this haze
layer has a rather sharp top, which appcars to be associated with the ‘height of the
minimum temperature lapse rate, 14

The vertical distribution for clear to very clear conditions, or meteorological
ranges from 23 and 50 km, is taken to be cxponential, similar to the profiles used
in previous versions of LOWTRAN. However, for the hazy conditions (10-, 5-,
and 2-km meteorological ranges} the aerosol extinction is taken to be independent
of height up to 1 km with a pronounced decrease above that height.

Above the boundary layer in the troposphere the distribution and nature of the
atmospheric aerosols becomes less sensitive to geography and wceather variations,
Instead, the seasonal variations are considered to be the dominating factor. The

. . . 6 .
acrosol concentration measurements of Blifford and nger1 ' and Holffman et 3.117

"The terms "meteorological rzirage”r and "visibilily" are not always used correctly
in the literature. Correctly, += 15 visibility is the greatest distance at which it
is just possible to see and identify with the unaided eye: (a) in the daytime, a
dark object az. Lurt the Lorizon sky; and (b) at night, a known moderately intensc
light spurce, Meteorological range is defined quantitatively, eliminating the sub-
jective nature of the observer and the distinction between day and night, Mete-
orological range V is defined by the Koschmieder formula

1 1 3,912
V = =1 - = Srlon
H " € 3

where 3 is the extinction coefficient, and € is the threshold contrast, set equal
to 0,02, As usad in the LOWTRAN computer code, the inputs are in terms of
meteorological range, with 3, the ecxtinction coelficient, evaluated at 0, 55 ym.
If only an observer visibility V¢ is available, the mcteorological range can be
estimated as V= (1.3 £ 0.3) - V5.

13, Johnson, R, W,, Hering, W,S,, Gordon, J.I1., and Fitch, B, W. (1979)
Preliminary Analysis and Modelling Based Upon Project QPAQUE Profile
and Surface Data, AFGI.-TR-79-0285, Novembecr,

14, Huschke, R. L. (editor) (1859) Glossary of Meteorology, American
Meteorlogical Society, Boston, MA, 638 pp.

15, Middleton, W, E.K, (1952} Vision Through the Atmosphere, Univ, of Toronto
Press, 250 pp.

16, Blifford, I.H., and Ringer, 1..D, (1969) The size and number distribution of
aerosols in the continental troposphere, J. Atmos, Sci, 26:716-726,

17, Holmann, R.J., Rosen, J.M., Pepin, T.J., and Pinnick, R,G. (1975)

Stratospheric aerosel measurements I; Time varialions at northern
latitudes, J. Atmos. Sci. 32:1446-1456,
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indicate that there is an increase in the particulate concentration in the upper
troposphere during the spring and summer months. This is also supported by an
analysis of searchlight data by Elterman et al. 18
The vertical distribution of the ac-osol concentrations for the different models
is shown in Figure 7, Between 2 and 30 km, where a distinction on a seasonal
basis is made, the spring-summer conditions are indicated with a s0lid line and

fall-winter conditions are indicated by a dashed line.

3.3 Effects of Humidity Variations on Aerosol Properties

The basic elfect of changes in the relative humidity on the aerosols, is that as
the relative humidity increases, the water vapor condenses out of the atmosphere
onto the existing atmospheric particulates, This condensed water increases the
size of the acrosols, and changes their composition and their effective refractive
index. The resulling effect of the aerosols on the absorption and scattering of
light will correspondingly be modified. There have been a number of studies of
12,19 The

most comprehensive of these, especially in terms of the resulting effects on the
19, 20

the change of aerosol properties as a function of relative humidity,

aerosol properties is the work of H&nel,
The growth of the particulates as a function of relative humidity is based on
the results tabulated by Ilﬁnelm for different types of aerosols. QOnce the wet
acrosol particle size is determined, the complex refractive index is caleulated as
the volume-weighted average of the refractive indices »f the dry aerosol substance

«

and water, 21

3.4 Rural Aerosols

The "rural model” is intended to represent the aerosol conditions one finds in
continental areas which are not directly influenced by urban and/or industrial
aerosol sources. This continental, rural acrosol background is partly the product
ol reactions between various gases in the atmosphere and partiy due 1o dust par=

ticles picked up from the surtace. 'The particle concentration is largely dependent

18, Elterman, I.., Wexler, R,, and Char')g, D, T, (1969) Features of tropospheric
and stratospheric dust, Appl. Opt, 8:893-903,

19. Hdnel, Gottfried (18771) The properties of atmospheric acrosol particles as
functions of the relative humidity at thermodynamic eguilibrium with the
surrounding moist air, in Advances in Geophysics, Vol 18:73-188, Edited
by H, B, T.andsberg, J. Van Mieghem, Academic Press, New York.

20. Hanel, Gottfried (1972) Computation of the extinction of visible radiation by
atmospheric acrosol particles as a function of the relative humidity, based
upon measured properties, Aerosol Sci. 3:377-386.

21. Tale, George M., and Querry, Marvin R, (1873) Optical constants of water
in the 200-nm to 200-um wavelength region, Appl. Opt. 12:555-563.
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on the history of the air mass carrying the acrosol particles, In stagnating air
masses, for example, under winter-iype temperature inversions, the concentra-
tions may increasc to values causing the surface layer visibilities to drop to 1 fow
kilometers,

The rural aerosols are assumed to be compesed of a mixture of 70 percent of
water-soluble substance (ammonium and calcinm sulfate and also organic com-
pounds) and 30 percent dust-like aerosols, The refractive index for these com-
ponents is based on the measurements of Volz, 22,23

The rural aerosol size distribution is parameterized as the sum of two log-
normal size distributions, to represent the multimodal nature of the atrmospheric
aerosols that has been discussed in various studies. These parameters for rural
model size distribuiion fall within what Whitby and Cantr()1124 give as a typical
range of values for the accumulation (small) and coarse (large) particle modes,

To allow for the dependence of the humidity effects on the size of the dry
aerosol, the growth of the aerosol was computed separalely for the accumulation
and coarse particle components. In computing the aerosol growth, changes in the
width of the size distribution was assuined negligible so only the mode radius
was modified by humidity changes, The effective refractive indices for the two
size components arc then computed as function of relative humidity.

Using Mie theory {or scatiering by spherical particles, the extinction and
absorption coctficients for each of several different rclative humidities were cal-
culated, Figure 8 shows the resulting values tor the different relative humidities
which are stored in the LOWTRAN code, The valucs have been normalized to an
extinction coefficient of 1,0 at a wavelength of 0, 55 u, which is the way values are

used in the program.

3.5 Urban Aeroscl Model

In urban areas the rural aerosol background gets modified by the addition of
aerosocis from combustion products and industeial sources, The urban aerosol
model therefore was taken to be a mixture of the rural aerosol with carbonaceous
aerosols, The sootlike aerosols are assumed to have the same size distribution as
both components of the rural model, The proportions of the sootlike aerosols and

the rural type of acrosol mixture are assumed to be 20 percent and 80 percent

22, Volz, Frederic K, (1972) Infrared absorption by atmospheric aerosol sub-
stances, J, Geophys, Res. 77:1017-1031.

23. Volz, Frederic E, (1873) Infrared opiical constants of aunmonium sulfate, *
Sahara dust, volcanic pumnice, and flyash, Appl. Opt. 12:564-568.,

24, Whitby, K, T., and Cantrell, B. (1975) Atmospheric acrosuls — characteris-
tics and measurement, International Couf. on Environmental Sensing and

Assessment, Vol. 2, l.as Vegas, Nev,, 14-19 September,
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respectively.,  The refractive index of the sootlike aerosols was bascd on the soot
data in Twitty and V&-'c'mman's25 survey of the refractive index of carbonaceous
materials,

Figure U shows the extinction and absorption coefficeents for the urban models
vs wavelength, As with the rural model the values arc normalized so the extine-

tion coefficient is 1,0, at a wavelength of 0, 55 u.

3.6 Mantime Acrosol Model

The compositin and distribution of acrosols of oceanic origin is significantly
different from continental aerosol types, These aerosols arce largely sea~-salt
particles which are produced by the evaporation of sea-spray droplels and then
have again grown due to accretion of water under high relative humidity conditions.
Together with a background acrosel of more or less pronounced continental charac-
ter they form g feirly unitfurm maritime aerosol which is representative of the
boundary layer in the lower 2 to 3 km of the atmosphere over the oceans, but which
also will oceur over the continents in a maritime air mass. This maritime model
should be distinguaished from the direct sea-spray aerosoel which exists in the lower
10 to 20 meters pbove the ocean swface and which is strongly dependent on wind

speod.

The a0 aerosol model, therefore, has been composed of two compunents:

ane which devoloped flom sea svray; and a continental component which is ass: ned
identical to the rurval acrosol with the exception that the very large particles were
climinated, since they will eventually be lost due to fallout as the air masses move

; S 26, 2
across the occans. This model is siniilar to the one suggested by Jungezb’ 21 and

is supported by a large body of experimental data. 12

The vefractive index is the same as that for a solution of sea salt in water,
using a volume-weighted average of the refraciive indices of water and sea salt,
The refractive index of the sea salt is primarily taken from the measurements of
Volz, 28 e normalized extinction and absorplion coefficients vs wavelength for

the maritime aecrosgols are shown in Figure 10 for several relative humidities,

4b. Twitty, J.'I., and Weinmran, J.A. (1971) Radiative properties of carbonaceous
aerosols, J. Appl. Mrteor, 10:725-731,

26, Junge, Christian E, (1963) Air Chemistry and Radioactivity, 382 pp.,
Academic Press, New York.

27, Junge, C. 1. (1972) Our knowledge of the physico-chemistry of aercsols in
the undisturbed marine environment, J, Geophys., Res. 77:5183-5200,

28. Volz, Irederic F. (1972} Infrared refiactive index of atmospheric serosol
substance, Appl. Opt, 11:755-759.
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3.7 Tropospheric Aerosol Model

Above the boundary layer in the troposphere, the aerosol properties become
more uniform and can be described by a general tropospheric aerosol model. The
tropospheric model represents an extremely clear condition and can be represented
by the rural model without the large particle component, Larger aerosol particles
will be depleted due to settling with time., Thais is consistent with the changes in
aerosol size distribution with altitude suggested by Whitby and Cantrell. 24

There is some indication from experimental data, that the tropospheric aero-
sol concentrations are somewhat higher during the spring-summer season than

during the fall-winter period. 16, 17

Different vertical distributions are given to
represent these seasonal changes (see¢ Section 3. 2),

The dependence of the particlc size on relative humidity is the same as for the
small particle component of the rural model, The resulting ascrmalized extinction
and absorption coefficients are shown in Figure 11 for the different relative humid-

ities,

3.8 Fog Models

When the air becomes nearly saturated with water vapor (relative hurnidity
close to 100 percent), fog can form (assuming sufficient condensation nuclei are
present). Saturation of the air can occur as the result of two different processes;
the mixing of air masses with different temperatures and/or humidities (advection
fogs), or by cooling of the air to the point where its temperature aporoaches the
dew -point temperature (radiation fogs). 29

To represent the range of the different types of fog, we use two of the fog
models presented by Silverman and Sprague, 30 following the work of Dyachenko, 31
These were chosen to represent the range of measured size distributions, and
correspond to what Silverman and Spr'ague30 identified as typical of radiation fogs
and advection fogs, although they also describe developing and mature fogs,
respectively., The normalized exiinction and absorption coefficients for the two

fog models are shown in Figure 12 as a function of wavelength,

29. Byers, H.R. (1959) General Meteorology, 540 pp., McGraw Hill, New York,

30, Silverman, B.A., and Sprague, E.D. (1970) Airborne measurement of in-
cloud visibility, 271-276, Second National Conference on Weather Modifica-
tion, Santa Barbara, CA, 6-9 April 1970, American Meteorological
Society,

31. Dyanchenko, P.V, (1962) Experimental Application of the Method of
Mathematical Statistics to Microstructural Tog and Cloud Research,
Trans., A, I, Voyekova, Main Geophys, Cbhscr.
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3.9 Aerosol Vertical Distribution in the Stratosphere and Mesosphere

Measurement programs carried out over many years show that in the 10-to
30-km region there exists a background aerosol in the stratosphere which has a
rather uniform global distribution. T' - background aerosol is considered to be

mostly composed of sulfate particles fusmed by photochemical reactions.

These background levels are occasiona. ° . -a-ed by factors of 100 or more
due to the injection of dust from massive vol. .otions. Once such particles
have been injected into the stratosphere they . «; cad out over large portions of

the globe by the stratospheric circulation and difft . un processes, and it requires
months or even years for them to become slowly removed rrom the strato-
sphere. 32,33, 34

There occurs also a seasonal and geographic variation of the snratospheric
aerosol layer which is related to the height of the tropopause; a peak in the aerosol
mixing ratio (that is, ratio of aerosol to air molecules) occurs several kilometers
above the tropopause. 17,35

The range of possible vertical distributions is represented by four different
profiles (background stratospheric, moderate, high and extireme volcanic). Fach
of these distributions is then modified according to the season. The different
scaling factors for these vertical profiles are shown in Figure 7,

The vertical distribution in the upper atmosphere above 30 to 40 km is very
uncertain because of the difficulty of obtaining reliable data. In situ measurements
are limited to those obtained by rocket flights, and these altitudes are beyond the
normal operational range of most lidar and searchlight systems which provide
most of the remotely sensed data up to 30 or 40 ki,

The most likely profile for this region is the one labelled as '""Normal Upper
Atmosphere" in Figure 7; it corresponds to a constant turbidity ratio of = 0.2
above 40 km., This agrees with the aeroscl extinction profile obtained by Cunnold

et alSG by inverting measurements of the horizon radiance from an X-15 aircraft.

32, Reiter, E,R, (1971) Atmospheric Transport Processes Part 2: Chemical

Tracers, U.S. Atomic Energy Commission, Oak Ridge, TN {TID-25514)
382 pp.

33, Volz, F.E. (1975) Distribution of turbidity after the 1912 Katmei Eruption
in Alaska, J. Geophys. Res. 80:2643-2648,

34, Volz, F.E. (1975) Burden of volcanic dust and nuclear debris after injection
into the stratosphere at 40°-589N,, J. Geophys. Res. 80:20649-2652,

35, Rosen, J.M., Hofmann, D,J., and Laby, J. (1975) Stratospheric measure-
ments 1I: the worldwide distribution, J. Atmos. Sci. 32:1457-1462.

36, Cunnold, D.M., Gray, C.R., and Merritt, D.C. (1973) Stratospheric aerosol
layer detection, J. Geophys. Res. 78:920-931,
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Measurements of the solar extinction through the atmospheric limb from the
Apollo-Soyuz mlssion37 tend to support this model.
38, 39

Iviev's model for the upper atmosphere is shown as the curve labelled

""Extreme Upper Atmosphere' in Figure 7, It is largely based on twilight observa~
tions40 which neglected multiple-scattering effects., As a consequence, the model
has to assume very high particulate concentrations in the upper atmosphere in

order to be consistent with observations.

Nevertheless, extinction coefficients for the extreme upper-atmospheric model

are consistent with the extreme values that have been cbserved in layers of a few
kilometers thickness by lidar, 41+ 42

inferred from rocket observations of
. 43, 44
skylight,

and studies of noctilucent clouds.45

3.10 Stratospheric Aerosol Models

3.10.1 COMPOSITION OF BACKGROUND STRATO-
SPHERIC AEROSOLS

The background stratospheric aerosols are taken to be a 75 percent solution
of sulfuric acid in water following the work of Rosen46 and Toon and Pollack. 47
The complex refractive index as a function of wavelength is based on the meas-
urements of Re1nsbe;~g48' 49 and Palmer and Williams. 50

The size distribution is chosen to be consistent with the concentrations o1 the
particles with diameters greater than 0.3 y and those greater than 0. 5 4 measured

by Hofman et a117’ 35 and the concentration of condensation nuclei observed by

o
Rosen et axl51 and Késelau. 2 The normalized extinction and absorption coefficients

are shown in Figure 13,
3.10.2 VOLCANIC AEKOSOL MQODELS

There are two volcanic size distribution models: a'fresh volcanic model"
which represents the size distribution of aerosols shortly after a volcanic eruption;
and an "aged volcanic model" representing the aerosol about a year after an erup-
tion, Both size distributions were chosen mainly on the basis of Mossop‘s53
measurements follow ing the eruption of Mt. Agung.

The refractive index for these models is based on the measurements of Volz, 23
The resulting normalized extinction and absorption coefficients for these two
models are shown in Figure 13,

Because of the large number of references cited above, they will not be listed here.
See References, page 141,
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3.11 Upper Atmosphere Aerosol Model

The major component of the normal upper-atinospheric aerosols is considered ’
to be meteoric dust, which is consistent with the conclusions reached by Newkirk
and Eddy54 and later Rosen55
also form some of the layers occasionally observed in the upper atmosphere,

in his review article, Meteoric or cometary dust

Poultney42' 56 has related the lidar observations of layers in the upper atmosphere
either to cometary sources of micrometeoroid showers or noctilucent cloud ob-
servations, Divari et al57 have related observations of increased brightness of
the twilight ¢ky to the Orinid metecr shower,

The refractive index of meteoric dust is based on the work of Shettle and

Volz58 who determined the complex refractive index for a mixture of chondrite
dust which represents the major type of meteorite falling on the earth, 59
The size distribution is similar in shape to the one developed by Farlow and

61, 62

Ferry60 by applying Kornblum's theoretical analysis (of the micrometeoroid

interaction with the atmosphere and their resulting concentration in the mescsphere)
to the NASA63 model of the meteoroid influx to the atmosphere. There are two
important differences between the present size distribution model and Farlow and
Ferry's. 60 First, the present model has proportionately more smaller particles,

54, Newkirk, G. Jr., and Eddy, J.A. (1964) Light Scattering by Particles in the
Upper Atmosphere, J. Atmos. Sei. 21:35-50,

55. Rosen, J.M. (1969) Stratospheric dust and its relationship to the meteoric
influx, Space Sci. Rev, 9:58-89,

56. Poultney, S.K. (1974) Times, locations and significance of cometary micro-
meteoroid influxes in the earth's atmosphere, Space Res. 14:707-708,

57, Divari, N,B,, Zaginalio, Yu. I,, and Koval'chuk, L,V. (1973) Meteoric dust
in the upper atmosphere, Solar System Res. 7:191-185, (Translated from
Astronomicheskii Vestnik 7:223-230). -

58, Shettle, E.P,, and Volz, F.E. (1976) Optical constants for a meteoric dust
aerosol model, in Atmnospheric Aerosols: Their Optical Properties and
Effects, a Topical Meeting on Atmospheric Acrosols sponsored by Qptical
Society of America and NASA Langley Research Center, Williamsburg,
Virginia, 13-15 December 1976, INASA CP-2004,

59. Gaffey, M.J. (1874) A Systematic Study of the Spectral Reflectivity Charac-
teristics of the Meteorite Classes with Applications to the Interpretation
of Asterpid Spectra for Mineralogical and Petrological Information,

Ph,D Thesis, M,I.T.

60. Farlow, N.H., and Ferry, G.V. (1972) Cosmic dust in the mesophere,
Space Res. 12:369-380.

61, Kornblum, J.J. (1969) Micrometeoroid interaction with the atmosphere,
J. Geophys. Res. 74:1893-1907.

62. Kornblum, J.J. (1969) Concentration and collection of meteoric dust in the
atlmosphere, J. Geophys. Res. 74:1908-1919,

63, National Aeronautics and Space Administration (1969) Meteoroid Environment
Model, 1969 (Near Earth to Lunar Surface), NASA SP-8013 (March 1969),
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and second, the number densities for all size ranges are several orders of mag-

nitude larger than in Farlow and Ferry'sbo model. These differences are con- 3

. 60, 64, 6
sistent with rocket observations in the upper atmosphere, "' 64, 65

The normalized extinction and absorption coefficients for this meteoric dust

1l

model for the aerosols of the upper atmosphere are shown in Figure 13 as a func-
tion of wavelength.

3.12 Use of the Aerosol Models

The aerosol models defined in this report are representative of various gen-
eral types of environments, Yet, the simple question: "Which model should be

used for what location and weather situation?" is difficult to answer precisely.

Some discussion on this point is necessary to give the user some guidance in

choousing the appropriate model for a given condition,
3.12.1 BOUNDARY LLAYER MODELS

For the boundary layer of the atmosphere up to 1 to 2 km above the surface,
the composition of the aerosol particles is primarily controlled by sources (natural
and man-made) at the earth's surface. The aerosol content of the atmosphere at
a given location, will therefore depeund on the trajectory of the local air mass dur-
ing the preceding several days, and the meteorological history of the air mass.

The amount of mixing in the atmosphere is controlled by the temperature profile
and the winds. Precipitation will tend to wash the aerosol out of the atmosphere,
although it should be noted that ''frontal showers' often mark the houndary between
two different air magses with generally different histories and correspondingly
different aerosol contents,

The '""rural” and the "urban' model are intended to distinguish between aercsol ;
types of natural and man-made origin cver a land area. Clearly, the man-made
aerosol will be predominantly found in urban-industrial areas, How ‘ver, it is
quite likely that after the passage of a cold front, clear polar air also covers an
urban area and that therefoi'e the rural aerosol model, which is free of the com-
ponent of industrial-carbonaceous aerosols, is more applicable. After a few days,
as the clean air mass begins to accumulate local pollution however, the urban model
will once again become more representative.

Conversely, very often the pollution plume from major urban-industrial areas
may, under stagnant weather conditions, diffuse over portions of a continent (for
example, Central Europe, Northeastern United States), including its rural sections,

64, Soberman, R.K., and Hemenway, C.L. (1965} Meteoric dust in the upper
atmosphere, J. Geophys. Res, 70:4943-4949,

65, Lindblad, B.A., Arinder, G., and Wiesel, T. (1973) Continued rocket
observations of micrometeorites, Space Res. 13:1113-1120,
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There i8 also a distinct difference between the composition of aerosols over
the ocean and those over land areas due to the different surface-based sources.
Aerosols in maritime environments have a very pronounced component of sea-salt
particles from the sea water, Sea-salt particles are formed from sea spray from
breaking waves. The larger particles fall out, but the smaller particles are trans-
ported up with the atmospheric mixing in the boundary layer. In coastal regions
the relative proportions of particles of continental and oceanic origins will vary,
depending on the strength and direction of the prevailing winds at time of
observation.

While changes in visibility are cften associated with changes in the relative
humidity, (as the relative humidity approaches 100 percent the visibility tends to
decrease), it is not possible to define a unique functional relationship between the
visibility and relative humidity in the natural atmosphere. The reason for this is
that any change in atmospheric moisture content is generally also associated with
a change in the aerosol population itself due to change of the air mass, Only if the
aerosol is contained in a closed system, where only the humidity changes, can such
a unique relaticnship be developed. The measurements presented by Filippov and
Mir'umyants66 clearly illustrate the difficulties in defining a simple unique expres-
sion relating visibility and relative humidity.

3.12.2 TROPOSPHERIC AEROSOL MODEL

The tropospheric aeroscl model has been developed primarily for application
in the troposphere, above the boundary layer, where the aerosols are not as
sensitive to local surface sources. However, the tropospheric model should be
used near ground level for particularly clear and calm conditions (in pollution-
free areas with visibilities greater than 30 to 40 km), where there has been little
turbulent mixing for a period of 1 to 2 days, permitting the larger particles to
have settled out of the atmosphere without being replaced by dust blown into the
air from the surface. (The sedimentation rate of a 10-ym radius aerosol particle

in the lower trcposphere is approximately 1 km per day. 67)

3.12.3 FOG MODELS

The fog models described in Section 3,9 were presented in terms of the atmos-
pheric conditions leading to the development of the fog, so this provides a good
basis for deciding which fog model to use., In more general terms, the visibilities
will be less than 200 m for thick fogs and the extinction wiil be virtually

86. Filippov, V.I., and Mirumyants, S.O. (1972) Aerosol extinction of visible
and infrared radiation as a function of air humidity, Izv. Atmos. Oceanic
Phys. 8:571-574,

67. Kasten, F. (1968) Falling speed of aerosol particles, J, Appl. Meteor,
7:944-947.
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independent of wavelength. ¥or these conditions the advection fog model should

Le used. For light to moderate fogs, the visibility will be 200 to 1000 m and there

will be a noticeable difference between the extinction for visible wavelengths and

in the 8- to 12-ym winacw. For such cases the radiation fog model should be )
used, For thin fog condi:ions where the visibility may be 1 to 2 km, the 99 percent-’ ‘
relative humidity aerosol models may represent the wavelength dependence of the

atmospheric extinction as well as any of the fog models,
3.12,4 STRATOSPHERIC AND UPPER ATMOSPHERE MODELS

The background stratospheric model is representative of present (1980)*
stratospheric conditions, At irvegular intervals (on the order of years) there are
volcanic eruptions which inject significant amounts of aerosols into the strato-
sphere, For the first few months following such an eruption the fresh volcanic
size distribution model would generally be the best one to use, and for the next
year or so after that the aged volcanic size distribution model should be used,

The choice of which vertical distribution profile to use would depend on the
severity of the volcanic eruption and how long ago it was. The moderate volcanic
profile is representative of the stratospheric conditions throughout the Northern
Hemisphere during the mid and late 1960's following the eruption of Mt, Agung.

It is also typical of conditions during late 1974 und 1975 after the Volcan de Fuego
eruption.

The high and extreme volcanic models are somewhat speculative as there have
been no direct measurements of the vertical distribution of aerosol for such con-
ditions, They are however consistent with the total optical thickness for aerosols

33, 34, 68

inferred shortly after several major volcanic eruptions, such as Katmai

and Krakatoa, as well as the effects of Mt., Agung in the Southern Hemisphere,

3.12,5 SEASONAIL AND LATITUDE DEPENDENCE OF
ABEROSOL, VERTICAL DISTRIBUTION

In the mid-latitudes as the names suggest the spring-summer aerosol vertical
profiles are intended to be used during the spring and summer seasons and the
fall-winter profiles used during the fall and winter scasons. llowever, the sea- .

sonal changes in aerosol disiribution are partially a reflection of the changes in

*Notc added in Proof. The eruption of Mt, St. Helens (May 1980) injected signifi-
cant amounts of volcanic dust into the atmosphere. However, it appears most of
it remained in the tropesphere where it can be expected to scttle out or be washed
out within a few weeks. On the basis of the limited quantitative information avail~
able at this early date, a best guess would be to use the moderate volcanic profile
to represent the amount added to the stratosphere.

68, Diermendjian, D, (1973) On volcanic and other turbidity anomalies,
Advances in Geophys. 16:267-296.
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Table 1. Typical Conditions for Aerosol Model Applications

1. Lower Atmospheric Models
1.1 Rural Model
1) Natural environment, midlatitude, overland.
2) Clean air in urban regions, following passage of a cold frout.
1.2 Urban Mode!
1) Urban industrial aerosol.
2) Stagnant polluted air extending into rural regions,
1.3 Maritime Model

1) Mid-ocean (at least 300 km offshore) with moderate winds (above
p the first 10 to 20 meters),

2) Continental areas under strong prevailing wind from the ocean.
1.4 Tropospheric Model

1) Atmospheric region between top of boundary layer (approximately
2 km) and tropopause (8-18 km, depending on latitude and season).

2) Clean, calm air (meteorological range = 40 km) in surface
layer over land,

1.5 Fog Models
1.5.1 Advective Fog

1) Mixing of air masses of different moisture ccntent and
temperature, leading to saturation.
2) Lacking specific knowledge on the formation process, for
mature fogs with meteorological range: V = 200 meters.
1,5.2 Radiation Fog
1) Radiational cooling of the air to the dew point at night,
2) Lacking specific knowledge on the formation process, for

developing fogs or meteorological ranges: 200 < V <
1000 meters.

1.5.3 99 Percent Relative Humidity Aerosol Models
1) Light fogs (1 = V =< 2 km),

2, Stratospheric and Mesopheric Aerosol Models

2,1 Background Stratospheric Model

Fer time periods withoui any direct influence of volcanic dust contam-
ination, for example, 1977 to present (1980). (See footnote pg. 39)

2.2 Moderate Volcanic Profile with Fresh Aged Particle Size
Distribution o

For optical thickness approximately 0,03, up to a few years after
eruption, for example, Northern Hemisphere, 1964 to 1968.

2.3 High Volcanic Profile and Fresh or Aged Particle Size Distribution

For optical thickness approximately 0.1, up to a few months after
eruption, for example, Southern Hemisphere, 1964-1965,

2.4 Extreme Volcanic Profile with Fresh Particle Size Distribution

For optical thickness approximately 0.3 or higher, up to a few
weeks after a major eruption, for example, 1883 (Krakatoa) or
1912 (Katmal).
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the tropopause height (especially for stratospheric aerosols), So in the tropical
regions where the tropupause is generally higher, it is recommended that the
spring-summer aerasol profile be used. Analogously is the subarctic regions
where the tropopause is lower, it is recommended that the fall-winter profile be
used,

3.12.6 GENERAL REMALKS ON APPLICABILITY OF

THE AEROSOL MODELS

Typical conditions for which the different aerosol models apply as discussed
in detail above are summarized in Table 1, However, it must be emphasized that
these models only represent a simplified version of typical conditions, It is not
practical to include all the details of natural aerosol distributions nor are existing
experimental data sufficient to describe the frequency of cccurrence of the different
conditions, While these aerosol models were developed to be as representative as
possibie of different atmospheric conditions, it should be kept in mind that the
Y“rural" aerosol model does not necessarily exactly reproduce the optical proper-
ties in a given rural location at a specific time and date, any more than the mid-
latitude summer model atmosphere would exactly reproduce the actual temperature

and water vapor profiles for that same specific time and location.

4. GEOMETRY

In general, .arth curvature has a greater wmfluence on the path length (and

hence on the transmittance) than atmospheric refraction. For long slant paths
with zenith angles close to 90° in the lower layers of the atmosphere, however,
refractive effects can cause a significant increase in the path length (up to 30 per-~
cent for a 90° path to space from ground level). TFigure 14 shows the effect of
atmospheric refraction on defining the minimum height of a path trajectory from
space. The minimum he:ight referred to here is also known as the iangent height,
In Figure 14 the difference between the gecmetrical (no refraction) and the actual
minimum height is plotted against the actual minimum height for three different
model atmospheres., The sketch in the upper right-hand corner of Figure 14 indi-
cates that there is also a discrepancy in the earth center angle 8 subtended by the
trajectory, when refraction is significant, The difference § - B8' shown in Figure
14 is equal to the total angular deviation ¢ of the trajectory due to refraction,

For many applications it is necessary .o account not oniy for the effect of
refraction and earth curvature on the transmittance over a given path trajectory,
but also on the purely geometrical aspects of the trajectory itself, For example,
the total deviation ¢, anglc of arrival ¢, or angle B subtended by the path trajectory
may be required as illustrated in Figure 15, LOWTRAN calculaies the quentities
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Figure 15, General Schematic of a Refracted Path
From Altitudes H1 to H2 Showing the Angles Defin-
ing the Trajectory

7, ¢, B and slant range on the basis of a layered atmosphere in the following
paragraphs,

The earth's atmosphere is assumed to be divided inte a series of concentric
spherical layers for each of which a mean refractive index is defined, However,
the non-sphericity of the earth is taken into account to some extent by using a
different earth radius for each latitude (associated with a given model atmosphere).

Cousider the trajectory of a ray passing from heights H1 to HYZ at an initial
zenith angle o, Tet z; and 2, , define the boundary heights of a given layer, and
let 6, and 6; be the local zenith angles at the respective boundaries (see Figure
15). Then at a height of z; the angle of refraction is 0ir1- The angle of inci-

i+l
dence o; at height z, ; can be defined as

sin a; = (RO + Zi) sin Gi/(R0 + ?‘i+1) . (1)

Applying Snell's law at boundary z we have

i+1’

o, sina; = 0y, sin0, (2)




h

where n, and n,, are the mean refractive indices of the layers above z; and Ziry

+1
respectively.

Substituting for sin a; in Eq. (2), we have
ni(Ro + zi) sin 6, =n, (RO + zi+1) sin Oip1 * (3)
It follows from symmetry that

n(R_+z)sing, =n_, (R +z _,)sin6, _,

n, (Ro + H1) sin 90

= const . (4)

Therefore, the angle of refraction at any level z can be written in terms of the
initial input conditions and the refractive index n_ of the layer akove H1 as

sin § = n, (R0 + H1) sin eo/n(R0 +2) . (5)

The angle 3. subtended at the center of the earth by the intersection of the ray with
i M y

the layer z; to 2,y is given by

+

B-l=9--a- . (6)

Thus the total earth center angle subtended by the ray when traversing the atmos-
phere from H1 to H2 is

m-1
B = Z 0, - o) (n
1
m-1
= 2 lsin"Ha/ngR + 20} - sin”H {A/n(R+ 2, )] (8)
i

where m is ihe number of levels between H1 and H2, and A = nO(R0 + H1) sin 0,
The angle of arrival ¢ of the ray at H2 ig given by

4 = 180° - gin"? (A/n_ (R +H2)} . (9
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The total angular deviation of tbe trajector ¢ is given by

d/=[3-¢-60+180 . (10)
The effective path length between levels 2 and 2z, ¢ is given by

DS, = (R + 2z, ) sin f/sing, for 0° <9 < 180° (11)

for § = 0° and 1800, DSi EITRIRETT If we assume that the equivalent absorber
amount per unit path length w for a given gas varies exponentially with altitude, we

can write

Zi+1
f wdz = Hi [U(Zi) - w(ZH_l)] (12)

Z.
1

where I, = (z;,, - 2;)/log, [""(Zi)/w(zﬁl)]' The amount of absorber W, along a
path of length DSi between altitudes 2 and 21 is therefore given by

DS,
1
W1=/ w ds
(o]

1

DS.l[w(zi) - w(z.+1)]
) 1oge[w(7--l)/w(z-l+1)r

The total equivalent absorber amount W for a given atmosphere path is given by the

m=-1
sum of the Wi values for all layers; that is, W = T Wi where m is the number of
i=1

of levels traversed by the path,

45




4.1 Refractive Index of Air

The following simplified version of Edlen'zs69 expression for the refractive
index of air is used in LOWTRAN

+6 0.450) p HyO 0,347
(na -1)10 " = 77.46 +_)__2- T~ 1013 43.49 -'—';é— , (14)

where Py o and P refer respectively to the partial pressure of water vapor and
2

atmospheric pressure in millibars, T is atmospheric temperature in degrees
Kelvin, and A is the wavelength in micrometers {um).

The above expression has been used over the entire wavelength range 0.2 to
28.5um in LOWTRAN. Although Edlen's69 expression for the refractive index of
air is widely used in both the visible and infrared spectral regions, it is question-
able how far it should be used into the untraviolet and into the far infrared since
the formula is based primarily on measurements made in the visible part of the

spectrum from 0.43 to 0.8 ym.

4.2 Geometrical Path Configurations

When using LOWTRAN, the type of atrmospheric path for which a calculation is
to be made must be gpecified according to one of the three broad categories listed
below,

TYPE 1. Horizontal path; that is, a constant pressure path where the

effects of earth curvature and refraction are negligible,

TYPE 2. Slant paths between two altitudes from H1 to H2.

TYPE 3. Slant paths to space from initial altitude H1.

The variations within the latter two categories for both upward and downward
path trajectories can be seen from Figure 16.

It will be noted that two trajectories are possible for a given set of input
parameters, H1, H2, and 0 for a downward looking path (TYPE 2), provided that
H2 lies between H1 and the minimum height, HMIN,

In most instances, the reader will not be aware that two paths are possible
for a given set of input conditions. F¥or such a case, LOWTRAN will execute the
shorter path condition (Figure 16d) and print out a message to the effect that the
case shown in Figure 16e does exist, Should the reader decide to run the latter
case, he need only set the parameter LEN equal to unity and resubmit the case,

69. Edlen, B. (1966) Metrologia 2:12,
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Figure 16. Geometrical Path Configurations: (a) Horizontal Paths, (b) Slant
Paths Between Two Altitudes H1 and 2, (c) Slant Paths to Space, (d) A Possible
Trajectory for a Downward-Looking Short Path where HMIN < H2 < H1, and

(e) A Possible Trajectory for a Downward-Looking Long Path Where

HMIN < Ji2 < H1
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5. ATMOSPHERIC TRANSMITTANCE

In the LOWTRAN model, the tolal atmospheric transmittance at a given wave-
number averaged over a 20-cm-1 interval is given by the product of the average
transmittances due to molecular band absorption, molecular scattering, aerosol
extinction, and molecular continuum absorption., The molecular band absorption
is composed of four components; namely the separate transmittances of water
vapor, ozone, nitric acid and the uniformly mixed gases (COZ' NZO‘ CH4, Co,
0, and Nz).

The average transmittance due to molecular band absorption is represented
by a single parameter empirical transmittance function, The argument of the
transmittance function is the product of a wavenumber dependent absorption

coefficient and ""an equivalent ahsorber amount" for the atmospheric path.

5.1 Molecular Band Transmittance

In the LOWTRAN transmittance model, the average transmittance 7 over a

20-cm"1 interval (due to molecular absorption) is represented by a single param-
eter model of the form

T = f(C w *DS) (15)

where Cu is the LOWTRAN wavenumber-dependent absorption coefficient and w *

is an "equivalent absorber density" for the atmospheric path, DS, defined in terms

of the pressure P(z), temperature T(z), concentration of absorber v and an
empirical constant n as follows

T n

where PO and TO correspond to STP (1 atm, 273K). If Eq., (16) is substituted in
Eqg. (15) and n is set to zero and unity, respectively, Eq. (15) reverts to the well-
known weak-line and strong-line approximations common to most band medels,
The form of the function f and parameter n was determined empirically using
both laboratory transmittance data and available molecular line constants. In
both cases, the transmittance was degraded in resolution to 20 cm'l throughout
the entire spectral range covered here, It was found that the functions f for HZO
and the combined contributions of the uniformly mixed gases were essentially

identical, although the parameter n differed in the two cases. Mean values of n

were determined to be 0.9 for Hzo, 0. 75 for the uniformly mixed gases, and 0,4
for ozone,
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Figures 173, band ¢ show the LOWTRAN "equivalent absorber densities' given
by Eq. (16) and the true absorber densities vs altitude for water vapor, ozone and
the uniformly mixed gases, The profiles shown in these figures arc for the 1962
U.S. Standard atmosphere, (MODEL = 6).

Figure 18 shows the LOWTRAN empirical transmittance functions defined by
Eqg. (15) vs the loglo of the effective optical depth (CVw * DS). =§‘The solid function
shown is used for water vapor and the uniformly mixed gases, The dashed func-
tion is applicable to ozone,

For sufficiently small values of the argument va * DS, the transmittance
functions f were modified for calculations for atmospheric layers of small optical
thickness., For cases where (0,999 < 7 =< 1) the transmittance functions have the

analytic form
T=1-a(Cu *DS)P (17

with a = 0,088 and b = 0. 81 for H,0 and the uniformly mixed gases and a = 0, 055
and b = 1,03 for ozone, This pseudo-linear approximation in Eq. (17) is used in
the computer program for transmittances between 0. 999 and 1.

The parameters a and b were determined from a least~squares fit of the
empirically Jerived iransmittarce functionh in kq. (15),

Absorption coefficients for water vapor, vzone, and the combined effects of
the uniformly mixzed gases, digitized from the spectral curves of McClatchey
et al, 6 are included as data for LOWTRAN, The transmittance spectra from which
the coefficients were derived were first degraded in resolution to 20 cm—1 and the

data points were digitized at steps of 5 cmﬂl. For the ultraviolet and visible ozone

! and 200 em ™! inter-

bands, the absorption coefficients were digitized at 500 cm "~
vals respectively.

The absorption coefficieuts for water vapor are shown in Figures 19a and b,
Figure 19a shows the coefficients in the region from 350 to 5000 em ™} and Figure
19b the region from 4000 to 24, 000 cm L,

Figures 20z, b, and ¢ show the absorption coefficients for ozone, Figure 20a
spans the spectral region from 350 to 5000 cm-l, Figure 20b the region from 4000
to 24, 000 cm Y, and Figure 20c the region from 20, 000 to 50, 000 cm L,

The absorption coefficients for the uniformly mixed gases are shown in Fig-
ures 2la and b. The spectral region from 350 to 5000 em ™! is shown in Figure 21a

and the region from 4000 to 14, 000 cm ™ in Figure 21b,

*Gr‘uenzel70 has pointed out that in previous versions of LOWTRAN, the value of
FW for T = 0.88 was in error. The correct value is 0, 4838, not 0. 4342,

70, Gruenzel, R, R, (1978) Applied Optics 17:2591,
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5.2 Nitric Acid

The transmittance due to HNO3 has been assumed to lie in the weak-~line or
linear region. Absorption coefficients digitized at 5-cm'1 intervals for the 5,9-um,
7.5-ym, and 11, 3-ym bands of HNO3 have been incorporated into the LOWTRAN
program as a Subroutine {(Subroutine HNO3). These coefficients were obtained by
Goldman, Kyle, and Bonomo71 by fitting their experimental results with the sta-

tistical band model approximation, and are shown in Figure 22,

5.3 Nitrogen Continuum Absorption

The continuum due to collision-induced absorption by nitrogen in the 4-~ym
region, is included in LOWTRAN based on the measurements of Recdy and Cho'72
and Shapiro and Gush73 (see also McClatchey et alG) and is shown in Figure 23,

71, Goldman, A,, Kyle, T.G., and Bonomo, F.W. (1971) Statistical band model
parameters and integrated intensities for the 5.9-u, 7.5-4, and 11,3~y
bands of HNO3 vapor, Appl, Opt. 3‘:65.

72, Reddy, S.R., and Cho, C. W, (1965) Canad. J. Physics ﬂ:2331.
73, Shapiro, M.M., and Gush, H.P, (1986) Canad, J, Physics 44:949,
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The transmittance due to continuum absorption is assumed to follow a simple
exponential law.,

5.4 Molecular Scattering

The attenuation coefficient (km_l) due to molecular scattering, ABS{6), is |
introduced into LOWTRAN via the following expression 17

1 9

ABS(6) = »*/(9. 26799 x 108 < 1, 07123 x 10 X, ?) (18)

where y is in wavenumbers (cm'l). The above expression was obtained from a

least-square fit to molecular scattering coefficients published by Penndorf74 and
is shown in Figure 24, This function is a change from the previous LOWTRAN
codes and improves the fit in the ultraviolet, The errors in the new function are

now less than 1/2 percent from 0.2 to 20 .
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Tigure 24, Atlenuation Coefficient Cu Due to Molecular Scat-
tering, from 4000 to 54, 000 cm ™1

74. Penndorf, R. (1957) Tables of the Refractive Index for Standard Air and the
Rayleigh Scattering Coefficient for the Spectral Region between 0,2 and 20 4

;;: and Their Application ta Atmospheric Optics, J. Opt. Soc, Amer. 47:176-
3 182, -




5.5 Water Yapor Continuum

The attenuation due to the water vapor continuum still eludes a complete
theoretical explanation, At present, it appears that it results from the accumu-
lated attenuation of the distant wings of HZO absorption lines, emanating princi-
pally in the far infrared part of the spectrum. This attenuation due to molecular
line broadening occurs as a result of collisional interactions between molecules;
that is, collisions between two HZO molecules'and those of other gases (principally
H20:N2 collisions}. Other postulates, such as the phenomenon being caused by
other absorption mechanisms involving H2O dimers, remain possibilities yet to be
proven.

However, all that can be done at present is to account for the water vapor
continuum phenomenon empirically, based on limited experimental measurements,
until better line shape theories become available. It should be emphasized that
further accurate and well-controlled measurements are urgently required in order
to account for this phenomenon in real atmospheric situations with confidence,

The general formulation used to account for the water vapor continuum atten-
uation at a fixed temperature, has been to define the transmittance T(v) for a path
length, DS, as follows

1) = e~KWIDS

where the attenuation coefficient k{v) is given by

k(y) = [CaPy ~ + Co(Pre - Poe I]w (19)
sT,0* “n'Pr - Pro
or
Cy
k() = Cg Pr,0 * T (Pp - Pﬂzo) w

where PH o and PT refer to the water vapor partial pressure and the ambient
2

pressure respectively {atm), and w defines the quantity of water vapor per unit
2 -1
km

as the self- and foreign (nitrogen)-broadening coefficients for water vapor.

path length {(gm cm~ ). The quantities CS and CN are gerierally referred to

5.5.1 8- TO 11-ym HZO CONTINUUM

Recently, a review of available water vapor continuum experimental measure=-
75

ments were made by Roberts et al” " in the 10~-um region, These workers found

75. Roberts, R.E., Selby, J.E.A., and Biberman, L., M. (1976) Infrared
continuurn absorption by atmospheric water vapor in the 8-12 ym window,
Applied Optics 14:2085.
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that an emnpirical expression of the form given in Eq. (20) (below), provided a
good fit to the wavenumber dependence of the measured water vapor continuum
attenuation coefficients at 296 K, Also, the water vapor continuum attenuation
coefficient has been found to have a significant temperature dependence. Based
on the laboratory measurements of Bur‘ch'76 using samples of water vapor at ele-
vated temperatures, an approximate empirical expression was obtained by Roberts
et a175 for the temperature dependence which is given in Eq. (21) below. It was
Yound that the attenuation coefficient due to the water vapor continuum increases
as the temperature decreases. That is, for a fixed amount of water vapor in a
given path, one would expect more absorption at colder temperatures and less
absorption at warmer temperatures. This is a somewhat unusual phenomenon,
In practice one finds less water vapor in the atmosphere under cold conditions,
therefore, the effect of temperature on the attenuation in the 8- to 14-um region
plays two competing roles, through the total water content of the path and the
attenuation coefficient,

The empirical [its to the wavenumber and temperature dependence of the
water vapor continuum described in Roberts et al75 have been used in LOWTRAN
with the appropriate conversion of units, as follows:

1 +2 1

The attenuation coefficient CS gm- em “ atm” " at 296 K is given by the

following expression in the 8- to 14-ym region
C v, 296) = 4,18 + 5578 exp (~7.87 X 107 ) (20)

where y is the wavenumber in em™! (note that y = 104/1, where A is the wavelength
in um),

Figure 25a shows a plot of Cs(u, 296) vs wavenumber in the 8- to 14-um
region,

The temperature dependence of the coefficient CS was found to vary as

il

Cylv, T) = C v, 296) exp ['1800 (

1
- m)} @1

where T is the temperature in degrees Kelvin,

Equation (21) can be rewritten as flollows

C (v, T) = C_u, 296) exp [s.os (39—‘1 - 1)} . (22)

76, Burch, D.E. (1970) Semiannual Technical Report: Investigation of the
Absorption of Infrared Radiation by Atmospheric Gases, Aeronutronic
Report U-4784, ASTLA (AD 702117).
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The second term in Eq. (19), defined as CN/CS’ represents the ratio of the
foreign (nitrogen)-broadening coefficient to the self-broadening coefficient.

In LOWTRAN, a value at 296 K of 0. 002 for the parameter Cy/Cq is used,
based on the review of the measurements, It is assumed that CN/CS does not
vary with temperature (since no supporting measurements are available),

The transmittance due to the water vapor continuum in the 8- to 14-ym region
is calculated for a horizontal path of length DS (km) at altitude z using the follow-
ing expression in LOWTRAN

T(v) = exp [~ C v, 296)W(z)DS] (23)

where W(2) is the effective HZO absorber amount per unit path lengh (in gm cm_2
atm km-l) at altitude z, and CS (v, 2906} is the water vapor (self-broadened)

attenuation coefficient obtained from laboratory measurements at a temperature
of 296 K.

The quantity W(z) is given by

_ 206 _ . _
W(z) = w(z) {PHZO exp [s.os (———T(Z) 1)] + 0,002 (P, PHZO)} (24)
where
w(z) =gm cm'z/km of HZO in the path at temperature T,
PH2O = Hy0 partial pressure (atm) at altitude 2,
PT = ambient (total) pregsure (atm) at altitude z, and
T(z) = ambient temperature at altitude z (degrees Kelvin),

Note that the temperature dependence of the attenuation coefficient Cs(u, T} given
in Eq. (22) has been incorporated into the expression for W in Eq. (24), The
reason for this is sc¢ that the temperature variation over a given atmospheric siant
path is weighted equaily with the water content along the path.

5,5.2 3.5~ TO 4.2-um HZO CONTINUUM

Using the laboratory measurements of Burch et al, Lk an empirical expression
was obtained for the temperature dependence of the atienuation coefficients in the
3-to 5-um region. The measurements reported in Burch et 3177 were for samples
of pure water vapur made at elevated temperatures, and have been confirmed
independently by White et al. 8
77. Burch, D.E., Gryvnak, D.A., and Pembrook, J.D. (1971) Philco Ford Corp.

Aeronutronic Report U-4897, ASTI.A (AD 882876). ’

78, White, I, O., Watkins, W.R., Tuer, T.W., Smith, F.G., and Meredith, R.E,
(1975) J. Opt, Soc, Amer, 65:1201.

60

l




TR IN FVN a e + vs L

It was found that

. 296 _ .
C, (v, T) = C v, 296) exp [4.56 (T 1)} (25)

provides an Approximate fit to the measurements for pure water vapor extrapolated
to a temperature of 296 K,

The attenuation coefficients at 296 K used in LOWTRAN for the 3,4- to 4,2-um
region have been digitized directly from the extrapolations reported by Burch
et al, L and are shown in Figure 25b,

From the limited measurements available, it appears that the temperature
dependence of the water vanor continuum (due to self broadening) in the 3, 5- to
4.2~ym region is not as strong as that in the 8- to 14-um region.

A value for the nitrogen-broadening coefficient of 0. 12 was obtained by Burch
et a177 for a temperature of 428 K, Since no other measurements are available
at the time of writing, this value will be used in LOWTRAN with the same temper-
ature correction as is applied to the self-broadening term (see Eq. (26)).

As for the 8- to 14-um region, the transmittance for a horizontal path of
length DS (km) can be calculated using Eq, (23), where the parameter W(z) is now
given by the following expression for the 3,5+ to 4, 2-um region

qoy - \ . 296
W(z) = w(z) [Pﬂzod 0,12 (P, PHzo)] exp [4.56 (T—(z$ 1)} (26)

As in Eq. (24), the temperature dependence of the attenuation coefficient has
been incorporated into Eq. (26). It will be noted that the nitrogen-broadening
coefficient in the 4-um region is more significant relative to the self-broadening
term than in the 10-ym regicn, Again it should be emphasized that the above
expressions are approximate and further measurements are required to determine
the temperature dependence of the nitrogen-broadening coefficient, as well as more
accurate values for the wavelength dependence of the self-broadening coefficient at

ambient temperatures (for example, 296 K) and its temperature dependence,

3.6 Aerosol Transmittance

Within a given atmospheric layer of path length, DS, in kin, the transmittance,
T(v), due to aerosol extinction is given by

T(y) = EXP [-EXTV(¥) X HAZE X DS] @n

where EXTV(y) is the normalized extinction coefficient for the wavenumber p of
the appropriate aerosol model and altitude. HAZE is the aerusol scaling factor

(see Section 3),
61
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EXTV(v) is found by interpolation of the values stored in the code for the re-
quired wavenumber and relative humidity, HAZE is determined by interpolation
of the appropriate aerosol scaling factor profiles according to the meteorological
range and season, 3

6. ATMOSPHERIC RADIANCE

The LOWTRAN program has the option to calculate atmospheric and earth
radiance. A numerical evaluation of the integral form of the equation of radiative
transfer is used in the program. The emission from aerosols and the treatment :
of aerosol and molecular scattering is considered only in the zeroth order, Addi- E

tional contributions to atmospheric emission from radiation scattered one or more

times are neglected. Local thermodynamic equilibrium is assumed in the atmos-
phere,
The average atmospheric radiance (over a 20-cm_:l interval) at the wavenum-

ber, v, along a given line-of-sight in terms of the LOWTRAN transmittance param-
eters is given by

N .
I(y) = f d’f'a B, T ?s + Bly, Tb)?? (28)
Trb
a

where the integral represents the atmospheric contribution and the second term is

the contribution of the boundary, {for example, the surface of the earth or a cloud

top) and
?a = average transmitiance due to absorption,
Fs = average transmittance aue to scattering,
?tT?a?s = average total transmittance,
?g,"r? = average total transmittances from the observer to boundary,

B(yv, T) = average Planck (blackbody) function corresponding to the frequency
v and the temperature T of an atmospheric layer,

Tb = temperature of the boundary.

The emissivity of the boundary is assumed to be unity.

The LOWTRAN band model approach used here assumes that since the black-
body function is a slowly varying function of frequency we can represent the average
value of the radiance in terms of the average values of the transmittance and the

blackbody function, ?a' 7., and "7"t vary from 1 to "r':, 72, and"?:) along the observer's
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line-of-sight. For lines of sight which do not intersect the earth or a cloud layer,
the second term in Eq. (28) is omitted.

The numerical analogue to Eq. (28) has been incorporated in the LOWTRAN
computer program. The numerical integration of the radiance along a line-of-

sight for a given model atmosphere defined at N levels is given by

N-1 o
. . T (D +T i+ D
) = 33 @M -T G+ B (v, TETED) ( ot )
i1
+ Bly, T)7 (29)

Thus, the spectral radiance from a given atmospheric slant path (line-of-sight)
can be calculated by dividiug the atmosphere into a series of isothermal layers
and summing the radiance contributions from each of the layers along the line-of-
sight, that is, numerically evaluating Eq, (28). This can be clearly seen from the
following simple example.

Neglecting scattering, consider a three-layered atmosphere characterized by
temperatures Tl' T2, and T, as shown in Figure 26. Let ?1' ?2' and ?3 be the
transmittances from the ground to the boundaries of each of the layers respectively
{see Figure Z6a). Figure 26b shows the corresponding case for an observer in
space (distinguished by primed 7 values). Then from Eq. (29} the total downward
spectral radiance for an observer on the ground (looking upwards) is given by

v) 4 = (1 =T)B, T+ (T, - T,)Bly, Ty) + (T, - T)Bl, Tg) . (30)

Similarly for an observer looking down from the top of the atmosphere (see Figure

26b), the total upward spectral radiance is given by

! By, T

3 )

3 - . { + t_pt 1~ THRB Y
vyt = (1 T.l)Bw, T3) (”'1 72)B(v, Tz) + ( 9 Ts)b(u, 11) + 7 b

{31)

A comparison of Eqs. (30) and (31) shows that in addition to the boundary con-
tributions to the total upward spectral radiance, the total downward and the total
upward spectral radiances from the same atmospheric layers are not the same
but depend on the position of the observer relative to a given atmospheric slant
path, Inthe LOWTRAN radiance program, the position of the observer is always

defined by the input parameter, 1.
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Figure 26, Upward and Downward Atmospheric Paths Through
a Three-Layered Atmosphere for Radiance Calculations

It should be emphasized that in the calculation of radiance as given by Eq. (28),
scattering is treated only as a loss mechanism and is not included as a source,

79 it has been ncted that for certain

In a recent paper by Ben-Shalom et al,
atmospheric paths of high optical depth where multiple-scattered radiation is
significant, the algérithm used in LOWTRAN underestimates the background
radiation. The authors have proposed a 'conservative scattering' solution for
these cases where only the total extinction is used for the radiative transfer cal-
culations, However, no assessment of the validity of the '"conservative scattering"
method proposed vs the ''zero scattering" algorithm in LOWTRAN for the various
paths encountered in the atmosphere has been made,

Until a general multiple-scattering solution for radiative transfer is available
in the code, it is recommended that users of LOWTRAN examine the scattering
contribution along a given atmospheric path, For scattering in the linear region,
the present LOWTRAN algorithm should be appropriate, For high-scattering con-
ditions, users might consider modifying the radiance algorithm as Ben-Shalom
et 3179 have proposed.

7. PROGRAM STRUCTURE

In addition to the inclusion of new acrosol models and new aerosol extinction
coelficients into the LOWTRAN code, extensive reprograming of the code has been
made for improved logical flow of the program and user understanding. As shown
in Figure 27, the LOWTRAN code structure consists of a main program, LOWEM,
and 19 subroutines, A listing of the code is given in Appendix A, The data file,

79, Ben-Shalom, A., Barzilia, B., Cabib, D., Devir, A.D., Lipson, S.G., and
Oppenheim, U. P, (1980 Applied Optics Vol, 19, No, 6, p. 838,
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Figure 27. LOWTRAN Program Structure

TAPES, used in previous LOWTRAN codes has been eliminated. The information
from this file has been incorporated into the code in data statements.

In the main program, LOWEM, four control cards are read in for standard
execution of the code. New aerosol control parameters have been added to these
cards, as will be explained in the instructions for using the code in Section 8.

The transmittance and radiance output tables are also written to the mass stor-
age file, TAPEY, declared on the PROGRAM LOWEM card. The subroutines,
MDTA, NSMDL, HPROF, GEO, EXABIN, PATH, and TRANS are called from the
main program, A definition of symbols in PROGRAM LOWEM is given in Appen-
dix B,

Subroutine MDTA, called from the main program, contains the altitudes,
pressure, temperature, water vapor and ozone density profiles of the six model
atmospheres. The nitric acid volume mixing ratio profile is also stored in the
subroutine.

Subroutine NSMDL is called from the main program for user defined model
atmospheres or aerosol models (MODEL = 0 or MOREL = 7). The input cards and
optiony for the user defined models are explained in Section 8, Subroutine AERPRF

is called from this subroutine,
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Subroutine HPRQF, called from the main program, seis up the appropriate
HORIZONTAL PROFILES of molecular and aerosol-absorber densities in
LLOWTRAN units, using either the model data from MDTA cor the user-defined
model data from NSMDL. Subroutine AERPRF is also called from this subroutine.

Subroutine AERPRYF, called from either NSMDL or HPROF, sets up the
appropriate aercsol HORIZONTAL PROFILES for the model selected, Subroutine
PRFDTA, called from AERPRF, contains the altitude~dependent profiles of the
aerosol models allowed by the program, stored in data statements,

Subroutine GEQ, called from the main program, is the spherical geometry
subroutine, with correction for refraction, used to calculate the absorber
amounts along the atmospheric slant path., The VERTICAL PROFILES and the
equivalent absorber amounts are determined in this subroutine, The matrizx,
WLAY, is also defined in this subroutine for use with subroutine PATH, for radi-
ance calculations. Subroutine ANGL and POINT are called from this subroutine.

Subroutine ANGL is called from GEQ io calculate the initial zenith angle for
the atmospheric slant path, when the initial and final altitudes and the earth center
angle are specified, Subroutine POINT is also called from ANGL.

Subroutine POINT, called from GEQ and ANGL, is used to compute the mean
refractive index above and below a given altitude and to interpolate exponentially
the equivalent absorber densities at that altitude.

Subroutine EXABIN is called from the main program to load the extinction
and absorption coefficients for the four aerosol altitude regions appropriate to the
aerosol model selected by the user, Interpolation of the boundary layer aerosol
coefficients based on relative humidity is performed in this subroutine, Subroutine
EXTDTA is called from- EXABIN.

The aerosol extinction and absorption coefficients and wavelengths of all the
aerosol models are stored in subroutine EXTDTA, called from EXABIN.

Subroutine PATH, called from the main program for radiance calculations,
loads the cumulaftive absorber amounts along the atmospheric slant path into the
matrix, WPATH, This data is transferred to PATH from GEQ through the vertical
profile matrix, WLAY.

Subroutine TRANS, called from the main program, calculates the transmit-
tance and radiance between the wavenumbers, V1 and V2, in steps of DV for the
atmospheric slant path. Subroutines TRFN, AEREXT, HNO3, CLDTA, CZDTA,
C3DTA, and C4DTA are called by TRANS.

The LOWTRADN transmittance functions for water vapor, ozone, and the uni-
formly mixed gases are stored in data statements in subroutine TRFN,

Subroutine AEREXT interpolates the aerosol extinction coefficients for the
four altitude regions to obtain the proper values at the wavenumber, v.

Subroutine HNO3 determines the nitric acid absorption coefficient at the wave-

number, vy, from the arrays stored in the subroutine,
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The molecular water vapor absorption coefficient is determined at a specified
wavenumber from the array, C1, stored in subroutine C1DTA,

The absorption coefficient for the uniformly mixed gases at a specified wave-
number is determined from the array, C2, stored in subroutine C2DTA,

The infrared absorption coefficient for ozone at the wavenumber, y, is ob-
tained fromm the array, €3, stored in subroutine C3DTA.

Subroutine C4DTA, called from TRANS, contains data arrays for the nitrogen
continuum absorption (C4), the 4-um water vapor continuum absorption (C5), and
the ozone ultra-violet and visible absorption {C8).

With the new code structured into subroutines, the program has been run on
the AFGL CDC6600, using segment loading of computer code to reduce central
memory storage requirements. A load map using the segment option is shown in
Appendix C.

With segment loading of the code, the core storage requirements for execution
are reduced by approximaiely a factor of two over conventional loading of the pro-
gram, Similar type segment loading of the LOWTRAN code would allow possible
use of the code on minicomputers, :

8, INSTRUCTIONS FOR USING LOWTRAN 5

The instructions for using LOWTRAN § are similar to those for previous
LOWTRAN codes, New control parameters defining the aerosol profiles and
extinction coefficients have been added to the first input card. Changes have also

been made in the input of aerosol models in user-defined atmospheres (MODEL = 7),

As mentioned previously, the data file, TAPE 5, has been eliminated and made
part of the Fortran code,

In general, for standard atmospheric models, only four input cards are re-
quired to run the program for a given problemn, The formats for these four cards

and definitions of the input parameters on these cards are given below.

8.1 Input Data and Formats

The dala necessary to specify a given problem are given on the four cards as
follows:
CARD 1 MODEIL, IHAZL, ITYPE, LEN, JP, IM, M1, M2, M3, ML,
IEMISS, RO, TBOUND, ISEASN, IVULCN, VIS
FORMAT (1113, 2F10, 3, 213, F10, 3)
CARD 2 H1l, H2, ANGLE, RANGE, BETA
FORMAT (5F10. 3)
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CARD3 V1, V2, DV FORMAT (3F10. 3)
CARD 4 XY FORMAT (13)

Definitions of the above quantities will be discussed in Section 8, 2,

If the quantity MODEI. given in CARD 1 is set equal to 0 or 7 (which is the
case if meteorological data are used as input to the program), then the above card
sequence (and format for CARD 2) is changed. These cases will be described in

Section 8, 3,

8.2 Basic Instructions

The various quantities to be specified on each of the four control cards (sum-
marized in Section 8. 1) will be discussed in this section,
8.2.1 CARD 1 -MODEL, IHAZE, ITYPE, LEN, JP, TM, M1, M2, M3,
ML, IEMISS, RO, TBOUND, ISEASN, IVULCN, VIS
The parameter MODEL selects one of six geographical model atmospheres or
specifies that user-defined meteorological data are to be useu in place of the
standard models, ITYPE and LEN determine one of three types of atmospheric
paths for a given problem. JP is a user option to suppress printing of profiles
and tables in the output. IEMISS selects the mode of program execution (trans-
mittance or radiance). IM, M1, M2, M3, M, RO, and TBOUND are additional
input parameters for non-standard cases, IHAZE, ISEASN, IVULCN, and VIS
are control parameters used to select the profiles and types of extinction coeffi-
cients for the aerosol models (N, B, VIS is now specified on CARD1).
MODEL = 0 if meteorological data are specified (for horizontal paths only)*.
= 1 selects TROPICAL MODEL ATMOSPHERE,
= 2 selects MIDLATITUDE SUMMER,
3 selects MIDLATITUDE WINTER.
= 4 selects SUBARCTIC SUMMER,
= 5 selects SUBARCTIC WINTER,
s 6 selects 1962 U.S, STANDARD

= 7 if a new model atmosphere (or radiosonde data) is to be inserted.

ITYPE =1 for a horizontal (constant-pressure) path.

= 2 for a vertical or slant path between two altitudes.

"t

3 for a vertical or slant path to space,

The TYPE 1 path should not be confused with a long 90° path where the local
height of the end of the trajectory is at a significantly different height. In sucha
case, specify the path according to ITYPE = 2,

s
In these cases the format for Card 2 changes (see non-standard conditions,
Section 8. 3),




LEN = 0 for normal operation of program.
= 1 selects the downward TYPE 2 LONG path.
The parameter LEN can be ignored (that is, left blark) for the majority of cases,
It need only be used for a downward-looking path (HZ < H1) when two paths are
possible for the same input parameters. In such a case, a computer printout
statement will be given indicating that the user has two choices for the problem
and that the shorter path has been executed, Set LEN = 1 for the longer case,

;ﬁ JP = 0 for normal operation of program.

'] = 1 to suppress printing of transmittance table/or radiance table and

3 :
2 horizontal and vertical profiles, 3

The control parameter, IEMIS3, determines the mode of execution of the program.

IEMISS = O for program execution in transmittance mode.

= 1 for program execution in radiance mode,

A message is printed to the user on the output file indicating the mode of program

Ty

execution,
Table 2A summarizes the use of these five control parameters specified on -3
CARD1., For non-standard cases, provision is made on CARD1 for additional E
user options with the parameters 1M, M1, M2, M3, M1, RO, and TBOUND.
IM = 0 for normal operation of prograim or when subscquent calculations are
to be run with MODEL = 7,
= 1 when radiosonde data are to be read in initially,
MI. = Number of levels to be read in for MODEL = 7.
Note that IM and ML are only used when MODEL = 7 and then only cn
the ’irst calculatione when the data ure read in,

L GE L
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M1l = M2 - M3 = 0 for normal operation of program, i
The parameters M1, M2, and M3 can cach take integer values between 0 and 6 ;
and are used to modify or supplemeat the altitude profiles of temperature and ;
pressure, waier vapor, and ozone respectively, for any given atmospheric mode! i
specified by MODEL, \,

¥or example:
M1 = 1 selects the TROPICAL temperature and pressure altitude profiles,
= 2 selects the MIDLATITUDE SUMMER temperature and pressure
altitude profiles,
= 6 selects the 1962 U.S, STANDARD temperature and pressure altitude

profiles,

112 = 1 selects the TROPICAL water vapor altitude profile,
selects the MIDLATTTUDE 35UMMER water vapor altitude protile,
selects the 1962 1. S, STANDARD water vapor altitude profile,
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Table 2a. LOWTRAN CARD 1 Inpul Parameters: MGDEL, ITYPE, LEN,

JP, TEMISS

CARD 1 ML AZE, IE, L P I, R 12, 15, ML

=22 TENISS. RO, ISEASN, TVILON, VIS

ISR (01T 1S SN S
caL. MODEL oL ITYPE co | Lew 405 I} G| Iemss
g TUDEL, 2 v @ is i | 1S
USER " HORLZONTAL SHRT NORMAL TRANG-
0 | FlNeD 1 PATH o | Bany o [oiteur | O |MiTTANE
SLANT PATH LN SHORT REDIANCE
1| moprca 2 | A 1| eam 1 amr |2
0-15_‘
5 | ot ToE SLANT PATH
2| "SURER 3| M0 A

3| MIDLATITUDE
WITER

y | SUBARCTIC

SUMER
o | uBcTic
| > | HINieR
6 | 1960 9.3,
STANURRD
7 SER ™
DEL TRED

* OFTIONS FOR NGN-STANDARD MODELS

I, ML, M2, M3, ML. RO, TBOUND LEFT BLAWK FOR STANDARD CASES
REFER 19 TEXT FOR NJN STANDARD CASES

M3 = 1 sclects the TROPICAL ozonc altitude profile.
= 2 selects the MIDLATITUDE SUMMER ozone altitude profile,
= 6 selects the 1962 U.S. STANDARD ozone altitude profile, E
RO = radius of the earth (km) at the particular geographical location at which
the calculation is to be performed,
If RO is left blank, the program will use the midlatitude value of 6371, 23 Kkm if 1
MODXI. is set equal to 0 or 7. Otherwise the earth radius for the appropriate
standard model atmosphere (specified by MODEL) will be used,
TBOUND = temperature of the earth (OK) at the location at which the calcula-
tion is to be performed,
TBOUND is only used in the radiance maode of the program for slant paths which
intersect the earth, 1 TEQUND is left blank, the program will use the temperature
of the first atrnospheric layer as the boundary temperature,




i

IHAZE, ISEASN, IVULCN, and VIS select the altitude- and seasonal-depen-
dent aerosol profiles and aerosol -extinction coefficients. IHAZE specifies a
horizontal meteorological range and specifies the type of extinction for the
boundary-layer aerosols (0 to 2 km), The relative humidity dependence of the
boundary-layer azrosol extinction coefficients is based on the water vapor content
of the model atmosphere selected by MODEL, ISEASN selects the seasonal de-
pendence of the profiles for both the tropospheric (2 to 10 km) and stratospheric
(16 to 30 km) aerosols. IVULCN is used to select both the profile and extinction

L

type for the stratospheric aerosols and to determine transition profiles above the
A stratosphere to 100 km, VIS, the meteorological range, when specified, will
supersede the default meteorological range in the boundary-layer aerosol profile
4 set by IHAZE,
g THAZFE no aerosol attenuation included in the calculation,
RURAL extinction, 23-km VIS,

RURAI, extinction, 5-km VIS,
MARITIME extinction, 23-km VIS,
MARITIME extinction, 5-km VIS,

URBAN extinction, 5-km VIS,
TROPOSPHERIC extinction, 50-km VIS.

SSER-DETFINED extinclion, 23-ku: VIS. {Read inio the program
immediately after CARD1, Refer to the main program I,LOWEM
in Appendix A for the input format of the coefficients).
8 FOGI (Advection Fog) extinction, 0, 2-km VIS. :
9 FOG2Z (Radiation Fog) extinction, 0, 5-km VIS, %
As noted above, THAZE selects the type of extinction and a default meteorolog-

]
N U R W N =D
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ical range for the boundary-layer aerosol models only, If VIS is also specified on
CARDI it will override the default IHAZE value. Interpolation of the extinction
coefficients based on relative humidity is performed only for the RURAL, MARI-
TIME, URBAN, and TROPOSPHER:C coelficients uscd in the boundary layer
(0 to 2-kmy altitude).
ISEASN = 0 season determined by the value of MOLIEL;
SPRING-SUMMER for MODEL =0, 1, 2, 4, 6, 7
FALL-WINTER for MODEL = 3, 5
= 1 SPRING-SUMMER
=2 FAI.L-WINTER

ISEASN selects the appropriate seasonal gerosol pruofile for both the tropo-

A b ieiiacmel

’

e

spheric and stratospheric aerosols, Only the tropospheric aerosol extinction

coefficients are used with the 2- to 10-km profiles.
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IVULCN

i

0, 1 BACKGROUND STRATOSPHERIC profile and extinction
2 MODERATE VOLCANIC profile and
AGED VOLCANIC extinction
=3 HIGH VOLCANIC profile and
FRESH VOLCANIC extinction
=4 HIGH VOLCANIC profile 4nd
AGED VOLCANIC extinction
=5 MODERATE VOLCANIC profile and
FRESH VOLCANIC extinction
The parameter IVULCN controls both the selection of the aerosol profile as
well as the type of extinction for the stratospheric aerosols. It also selects
appropriate transition profiles above the stratosphere to 100 km,

Meteoric dust
extinction coefficients are always used for altitudes from 30 to 100 km,

VIS = meteorological range (km) (when specified, supersedes default value
set by IHAZE)

Table 2B summarizes the use of aerosol control parameters on CARD 1,

Table 2b, LOWTRAN CARD 1 Input Parameters: IHAZE, ISEASN,
IVULCN, VIS

CARD 1 MODEL, (HCE, ITVEE. (EN, JF, IN, M 10, 15 I
= LEATSS. RO, TBQUND, ISEASN. TWLGn. 13
FEias 1T 5 S5 S
THAZE 1SEASN TVULCN
Aol vis  ommenor (@ | wesov [ @] smsan | morne | eacrion | PREEAL
0 < NO AEROSOLS >
] SET BY SET BY
s 0 METHORIC
- WODEL e LR
SPRING- SHRING- EXTINCTION
2 > 1 | SuMeR SUMER
FALL- FALL-
3 25 2| WINTER WINTER
o FRITIME
4 5 0 BACKGROUND | BACKGROUND NORMAL
Teve WAL | R
_ b I \
5 5 URBAN TRgRPos%mc 1
. . TROPOSPRERIC MODERATE AGED
6 | S0 | TROPOSFHERIC EXTINC TION 2 VOLCANIC | VOLCARIC
] ] HIGH FRESH -
» 9 USER DEFINED 5 : TRANS] TION
7 23 SER DEF VOLCANIC VALCINIC vopﬁgfvlv%s
- HIGH AGED - :
g | oo F05 3 4 VLOANIC | WLLAIC T NORMAL
. ; HIDERATE FRESH
g | 05 FOG 2 2 VLCNIE | voleaNIc
e N 1910 30 10
TR okl Je—— B ———k 3k

® VIS>0. OVERRIDES DEFAULT MET. RANGE
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In the case where MODEL = 7, the new atmosphere {model or radiosonde
data) is inserted between CARDS 1 and 2 (see Section 8. 3).

8.2.2 CARD 2 —-H1, H2, ANGLE, RANGE, BETA

CARD 2 is used to define the geometrical path parameters for a given problem.

H1 = initial altitude (km)

H2 = final altitude (km)

It is important to emphasize here that in the radiance mode of program execution
(IEMISS=1), H1, the initial altitude, always defines the position of the observer
(or sensor), HI1 and H2 cannot be used interchangeably as in the transmittance
mode,

ANGLE = initial zenith angle (degrees) as measured from H1

RANGE = path length (km)

BETA = earth center angle subtended by H1 and H2 (degrees)

It is not necessary to specify every quantity given above; only those that ade-
quately describe the problem according to the parameter ITYFE (as described
below)

(1) Horizontal Paths (ITYPE = 1)

(a) specify H1l, RANGE

(b) If non-standard meteorological data are to be used, that is, if
MODEL - 0 on CARD 1, then refer to Section 8.3 for parameters and format of
CARD 2.

(2) Slant Paths to Space (ITYPE = 3)

(a) specily H1, ANGLE

(b) specify H1, HMIN (for limb-viewing problem where HMIN is the
required tangent height or minimum altitude of the path trajectory.

(3) Slant Paths Eetween Two Altitudes (ITYPE = 2)

(a) specify H1, }¥2, ANGLE
(b) specify Hl, ANGLE, RANGE
(c) specily H1, HZ, RANGE

For cases (b) and (c), the program will calculate H2 and ANGLE respectively,
assuming no refraction; then proceed as for case (a). This method of defining the
problem should be used when refraction effects are not important; for example,
for ranges of a few tens of km at zenith angles less than 80°, It can also be used
for larger angles (including 90°) provided that the path lies within one atmospheric
layer.

(d) specify Hl, H2, BETA. Leave ANGLE and RANGE blank in this case,
This method can be used when the geometrical configuration of the source and
receiver is known accuratcly, but the initial zenith angle is not known precisely
due to atmospheric refraction effects, Beta is most frequently determined by the
user from ground range information,
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In the cases of 2(b) and 3(d) above, the subroutine ANGLE is called in the
program to determine the appropriate input zenith angle by an iterative technique
taking into account atmospheric refraction.

In the case where MODEL = 7, the new model atmosphere (or radiosonde data)
is inserted between CARDS 1 and 2,

Table 3 lists the options on CARD 2 provided to the user for the different types
of atmospheric paths.

% Table 3. LLOWTRAN CARD 2 Input Parameters: H1l, H2, ANGLE, j
1 RANGE, BETA ’
5
CARD 2 H1, 12, ANGLE, RANGE, BETA
— FORMAT (51-10.3)
HL (KD H2 (K AVGLE (@) | RANGE (kM) | BETA (9) !
1TYRE
L
1 X X :
X X X
El
X X X -
2 ]
X X X ]
X X X 5
i
3 X X
X
X CHNIN)
X - PARAETER MUST BE DEFINED

YT
bk e

"y

§,2,3 CARD 3 —-V1, V2, DV

e ek B meF

The spectral range over which transmittance data are required and the spec-

tral increments at which the data are to be printed out is determined by CARD 3.

o il

'3

¢ V1 = initial frequency in wavenumbers (em™ b

?“ V2 = final frequency in wavenumbers (cm-l) where V2 > V1
3 DV = frequency increment (or step size) (cm-l)
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(Note that v = 104/?x where v is the frequency in cm"1 and A is the wavelength in
microns, and that DV can only take values which are a multiple of 5.)

8.2.4 CARD4 - IXY

The control parameter IXY can cause the program to recycle, so that a series
of problems can be run with one submission of LOWTRAN., Five values of IXY can
be used to provide the options given on the following pages,

IXY = 0 or blank card to end of program -

1 to select a new CARD 3 and CARD 4 saly (assuming other parameters

are unchanged)
2 to select a new data sequence (CARDS 1, 2, 3, and 4)

[

= 3 to select a new CARD 2 and CARD 4 only (assuming other
parameters are unchanged)
4 to select a new CARD 1 and CARD 4 only (assuming other

"

parameters are unchanged)

Thus, if for the same model atmosphere and type of atmospheric path the
reader wishes to make further transmittance calculations in different spectral
intervals V1! to V2! etc. and for a different step size (DV! etc.), then IXY is set 1
equal to 1, In this case, the card sequence is as follows and can be repeated as :
many times as required.

CARD4 IXY =1 3

CARD 5 V1'Vv2' bV! 3

CARD 6 IXY =1

CARD 7 V1" v2" DV"

CARD 8 IXY =0

The final IXY card should always be a blank or zero, When using the IXY =1
option, the wavelength dependence of the refractive index is not changed (use
IXY = 2 option if this is required).

To make successive transmittance computations where just the geographical |
model atmosphere is changed and/or with or without aercsol allcnuation, set
IXY = 4 and construct a data card sequence along the same lines as given above,
This sequence of recycling can be repeated successively,

When a serics of problems is to be executed (with one submission of
TLOWTRAN) involving the standard atmospheric models (MODEL = 1 to 6) as well
as cases involving MODEIL. = 0 and MODEL = 7, then the order in which the data
are set up becomes very important. Note the following sequence,

1. Run all problems using MODEL = 1 through 6 lirst.

2, Secondly, run all problems involving the use of MODEL = 0,

3. Run all problems involving the use of MODEL = 7 last, The reason for

running MODEL = 7 cases last is that when a new atmospheric model is read in,
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the altitudes may not correspond with those given in the standard models and the

program will erase them. Similarly, if a MODEL = 0 case is run following a
MODEL = 7 case, the first level of MODEL 7 is erased.
Table 4 summarizes the user«control parameters on CARD 3 and CARD 4,

Table 4. LOWTRAN CARD 3 and CARD 4 Input Parameiers: V1, V2, DV, IXY

CARD 3 Vi, vz, DV
— FORMAT (3F10.3)
ward | ward | el g
CARD 4 XY )
- FORMAT (1%)
ki Iy
0 END OF PROGRAM,
1 READ NEW CARDS 3 AND 4.
2 READ NEW CARDS 1. 2. 3. AND 4,
3 READ NEW CARDS 2 AND 4.
4 READ NEW CARDS 1 AND 4,

8.3 Non-Standard Conditions

Three options are available if atmospheric transmittance calculations are
required for non-standard conditions. Here non standard refers to conditions
other than those specified by the six model atmospheres provided by LOWTRAN,
which ave selected by the parameter MODEL on CARD !, The three options
enable the user to insert:

(1) His own model atmosphere(s) in place of any (or all) of the six standard
models, provided that the data are in cxactly the same format and are specified at
the same altitudes as in the DATA statements in the LOWTRAN code (Subroutine
MDTA). In this case the appropriate print statements in LOWTRAN (that identily

the atmospheric model used) must be changed correspondingly.
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(2) An additional atmospheric model (MODEL 7), which can be in the form of
radiosonde data. The data need not be specified at the same altitudes as in the
standard models.

(3) Meteorological conditions for a given horizontal path calculation (MODEL
= 0 case).

The first of these options requires the most effort and needs no further dis-
cussion here, other than a reference to Appendix A for a summary of the standard

model atmosphere parameters, units, and formats.
8.3.1 ADDITIONAL ATMOSPHERIC MODEL (MODEL = T)

New model atmospheres can be inserted between CARDS 1 and 2 provided the
parameters MODEL and IM are set equal to 7 and 1 respectively on CARD 1, The
number of atmospheric levels to be inserted (ML) must also be specified on
CARD 1. New altitude~dependent aerosal control options have been added to the
MODEL = 7 cards to provide more flexibility to the user in modeling aerosol
extinction.

The appropriate meteorological parameters and format for the atmospheric
data are given below

Z, P, T, DP, RHE, WH, WO, AEAZE, VIS1, IHAl, ISEAl, IVUL1

FORMAT (3F10.3, 2F5.1, 3E10.3, F7.3, 3I1)

Z = alliiude (km)

P = pressure (mb)

T = ambient temperature o)

DP = dew-point temperature (°C)
RII = relative humidity (%)

wH = water vapor density (gm m~3)
WO = ozone density (gm m™3)

AHAZE : aerosol number density (normalized by the user to the required
meteorological range using the LOWTRAN extinction coefficients)

VIS1 = meteorological range (km) for the altitude, 7

IHAL = acrosol extinction and meteorological range control for the altitude,
Z

ISEA1 = gerosol season control for the altitude, Z

IVUL1 = aerosol profile and exvinction control for the altitude, Z
Note that it is only necessary to specify those quantities underlined with a full line
and one of the quantities underlined with the dashed line,

If the ozone density (W()) is not known then a value can be obtained from one

of the standard atmospheric models (for the appropriate latitude and season) by

using the parameter M3 on CARD 1.




Also note that for M1 > 0 on CARD 1, both pressure and temperature are now
iaterpolated from the model atmogphere (MODEL=M1) for the altitude Z.

For the modeling of the aerosol profiles and extinction coefficients, if AHAZE,
V151, ISEA1 and IVULL are left blank on the MODEL 7 input card, then the aerosol
conirol parameters, IHAZE, ISEASN, IVULCN and VIS on CARD 1 will control
the modeling of the altitude~dependent aerosol parameters as described in Section
8.2, LOWTRAN will use the aerosol models contained in the program and inter- -
polate the profiles to the same altitudes as the radiosonde (or new model atmos-
phere) data.

The additional aerosol options on the MODEL 7 card have been added primarily
to provide more user flexibility in modeling altitude-dependent aerosols such as
low ground fogs where finer altitude resolution is required to specify the aerosol
profile, These options are categorized as follows:

(a) AIIAZE > 0, VIS1 = IHALl = ISEA1 = IVUL1 =0

For this case, the program will use the value of AHAZE at the altitude, Z,
Lo define the serosol profile. The parameters on CARD 1 will be used only to
select the type of aerosol extinction coefficients to be used in the (0-2 km),
(2-10 km), (10-30 km), and (30-100 km) altitude regions as in the MODEL-=1 to
six cases. VIS on CARD 1 is not used. The user must scale the AHAZE values to
the propeci sea-level meteoroleogical range,

(b} AHAZE > 0, either IHA1 > 0 or IVUL1 > 0, ISEAl = 0

where JTHA1 = 1 to 9 with the same extinction coefficient options as IHAZE in

Section 8, 2, and IVUL1 = 1 to 5 with the same extinction coefficient options as
IVULCN in Section 8.2, When [HA1 is defined, it will select the type of extinction
coeflicient io be used with AITAZE at the altitude, Z, and correspondingly when
IVUL1 is defined. Only four different altitude regions are allowed for the aerosols
in the program. The boundary altitudes are determined from the altitude, Z, on
the MODE!L. 7 card when either IHA1 or 1VUL1 changes value, These boundaries
do not necessarily have to correspond to the default values in the standard models,

(¢} AHAZE = 0, either one or all of the parameters VIS1, THAl, ISEA1l
and IVUL1 defined

where ISEA1 = 1 or 2 with the same seasonal profile options as ISEASN in Section

8,2, The aerosol profiles and extinction coefficients will be determined by the
values of these parameters at each altitude Z., Again, as in (b) only four altitude

regions for the aerosols ure allowed in the program, with the boundaries of the
regions determined by the altitude Z when the control parameters change, Note
also that ITHA1 takes precedence over IVULI in the selection of the type of extiinc-

tion coefficients. Examples of the use of these aerosol options are shown in
Section 9,
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Although data for cloud extinction is not provided in the LOWTRAN code,
these additional aerosol options do allow for user cloud modeling in the atmosphere
with the aerosol control paraieters on the MODEL 7 card,

Note that ITHAZE must be defined to some initial value greater than zero to
calculate aerosol extinction and that at least two altitudes are needed to define an
aerosol altitude region.

8,3.2 HORIZONTAL PATHS (MODEL = 0)

If meteorological data are to be used for horizontal path atmospheric trans-
mittance calculations, then set MODEL = 0 on CARD 1. The following parameters
can then be specified on CARD 2,

CARD 2 H1, P, T, DP, RH, WH, WC, RANGE (FORMAT 3F10.3, 2F5.1,
2E10.3, F10.3) where the above parameters refer to altitude (km), pressure (mb)
ambient temperature (°C), dew-point temperature (OC), relative humidity (%),
water vapor density (gm m-S), ozone density (gm m-3), and path length (km)
respectively.

The format for the above card is similar to that for inputting radiosonde data
(MODEL = 7). Again, it is only necessary to specify the quantities underlined
with the solid line and one of the quantities underlined with the dashed line., The
ozone density WO can be specilied using the parameter M3 on CARD 1 if measure-
ments are not available. In the latter case, a value will be calculated at altitude
H1 based on the appropriate model atmosphere selected by M3.

The aerosol control parameters for the MODEL = 0 cases are on CARD1 as

described in Section 8, 2,

9. EXAMPLES OF PROGRAM OUTPUT

Seven cases, representative of different types of atmospheric slant paths,
modc of program execution, and atmospheric and aerosol models are presented
in this section. The input cards to the program for these cases are listed in
Table 5. A description of the program output for each of the cases, calculated
from LOWTRAN, follows.

Case 1. Calculate the transmittance from 900 to 1145 em™! in steps of 5 cm ™1
for a slant path from 20 km to space at a zenith angle of 90°, for the U.S. Standard
model atmosphere, and a 23-km meteorological range for the rural aerosol model.

The output for Case 1 is given in Table 6. A message indicating the mode of
execution of the program is printed as the first line of output, For this problem,
execution will be in the transmittance mode,

The parameters defining the atmospheric slant path, model atmosphere,

aerosol mod:l, and wavenumber range are next printed out,
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Table 5. Input Cards for the Seven Test Cases

LR Yy Y Y Y Y YT Yy R Y Y

LR LR Y Y Yy Y Y Yy Y Y Y R Y R P Y PRI LNy A

* CASE 1 * cARD 1 ¢ & 1 3 .
.  CARC 2 ¢ 2n, 90, .
. * CARD T » acn. 1145, s M
. * CARD & * P4 .
PR R R T R Yy Y Y Y Yy Ry Y S R R R I R PRy Y T R S Y N Y RS P N S I Ry F Y Y RS R I N R N Y P RN TP RSN Y YN R YR N
* CASc 2 *carn 1 ¢ & 1 3 1 .
. * Carp 2 Tl g0, .
. % capPp 2 * ° . [T £, .
. ¥ CARD & ¢ 2 .
(R A AL A R R L R I R R R R A T Y RS L I Y R N Y YR Y AT I Y R R F L R A Y L A A R R R R RS R S R L
* CASE 3 * GARD 1 * A1 . .
. * CARD 2 * n. . 0. 1. 0. .
. s CARQ 3 * 200, 1168, Ge .
. » CARD 4 ¢ 2 -
B ORGSR AR VRN L T PR NSV C T VUSSR IR RE SN R AR A FESN RS TL SN LSRRI LI GIY ISR LG RN ITIN SR INBIIRBR v N PRIV LRy
¥ CAST 4 % CARC 1 ¢ 2 1 2 *
. * CARD 2 * 1240 i 180, -
. ® CaRD I ¢ a1, 1145, S -
. ® CARD & *® 7 .
BECB SRR N RSN RSN NN RN S SN S SR SN NP N RPN A RB IR S TR SR N AN PFIB VNSRS LIPS PRARER SR RIS R I FI VS 2B AN AER IS
* CASE S * CcARD 1 * 0t 4 " ¢ o oio¢ 3 .
. *MOTIEL=0 * L 1000, 10, 4G, 10, *
. e CAPD 1 & agn, 1166, £ .
. ® CARD & * H *
ARESSRpsny (22 XTI TR RIS I R AR S NI AT NI Yy R Y Y Y S R R R Y R Y R R Y S NS SRR S R R R R YT L
* CASE 6 * CARD 1 * ¥ ¥ 2 n o8 @ g 0 224 .
. *HODEL=T * 0 1016, bt 23 eb -
d *HO0EL=T7 * 1. 13€ 1°°0. F2. 17,04 4
. *NQIEL=T * De550 asa, 17,8 16,1 .
- SUONEL=T7 * 1.74 aaz, 6.t 11.9 b
hd *HODEL=T7 * 1, 52F oer, 12,8 S.n *
. MpNEL =T ¢ 1.€5 azr, 12,8 LT 4 .
. SHUIEL=T * 2.27 7, 11.8 ~18,2 .
. PHONFL=? * Totn rea, 7.7 -20.8 .
hd *MODEL=T ¢ 5,92 5ho, -1, =201 hd
. SMONELST * €,0a, Wnp, =11.° -27+5 .
. *HODEL =T * 7,51° ure, ~19,5 =31.5 .
. SMCNEL=7 * .72 3, ~28.5 -41.5 .
. AMOOEL2? o1 e, -22.7 -15,7 M
. #MODEL=7 * 9% ra b -35,3 432 *
. FMODFL=7 * .72 70, 36,7 -42,7 .
. *HCOEL=Y * 10,87 2P, 3847 ~45e7 .
. #MOOEL =T * 1.8 e, —Lbe? =504 .
. *MODEL=Y * 12.7¢ 200, ~5741 50, .
. *HODEL=7 * 17. 6 161, -Fa,5 57, .
. PHODEL =7 * 16.7€ +ro, ~71.1 -5, .
. vMOODEL=7 * 164045 100, ~70.9 “50, .
4 * CARD 2 * 3.7 a.5¢ I5.¢ *
. ® CARD X * a . 114°, €, M
- ® CARD 4 + ? .
LR R R I L R R R A L R Y I P N N T R PRy Ry L P Y PN R RS RIS R R RS SRS R R S R L]
® CaSE 7 # CarD 1 * 7 9 2 ~ r 1 6 £ 6 fc .
. *HODEL=? * .0 .
. *HMODEL=7 * o ? M
. eMOYEL=T * 451 i3 1.
. *HQOFL=T * 1.9 23, 1.
. MODTL=T * 2.r 23 1 -~
. *MONEL=" * 2e1 -
. ¥MCDEL=? * ) :
. aMONEL=T * 10, -
- *MODEL=ZTY *® 11, .
. *MODpL=? # 3, .
. SMONEL=T * x&, .
. *MODFL=2T7 * Te. .
. * AP0 2 * 10, .
. 4 CcanD 3 * apo, 1145, Se .
- * CARD 4 * n . L]
FPUBNRER PO R NS IS R UN SIS S F R I NS NSNS PO AR U N A L NN SRR IU NN B U I P E P IR S r N F RIS YRV PRSP ARSI SHTIRF ST I IRINUIDISRFNQUSY
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Following the heading HORIZONTAL PROFILES are two pages of output, each
of 12 columns. QCn the first page, the first four columns list a running integer
associated with each level (level indicator), the level altitude in km, the level
pressure (mb), and the level temperature (°K). The next six columns give the
equivalent absorber amounts per km for the following absorbing species: water
vapor, uniformly mixed gases, ozone, nitrogen continuum, water vapor continuum
(10 um), and molecular scattering. The last two columns give the mean refractive
index modulus (n - 1) from that level tc the level above, and the equivalent absorber
amount per km for the UV ozone.

On the second page, the first four columns, listing the level indicator, altitude,
pressure, and temperature are repeated. The next two columns give the equivalent
absorber amount per km for the water vapor continuum (4 um) and for nitric acid,
The next four columns give the aerosol amounts per km for the four altitude regions
provided for in the program., The last two columns list the product of the aerosol
density times the percent relative humidity and the percent relative humidity for
the boundary-~layer region,

Following the horizontal profiles, level information at H1 calculated in sub-
routine POINT is printed,

A heading VERTICAL PROFILES is then printed followed by two lines of out-
put per atmospheric layer, The first column is a2n integer level indicator, The
second coluinn gives the altituces of the levels traversed by the atniospheric slant
path, The next eight columns give the integrated equivalent absorber amounts
from the initial altitude to the level above (with the species identified as in the
header). The next four columns are labelled PSI, PHI, BETA, and THETA, and
correspond to the angles y, ¢, 3, and 6 described in Section 4. Columns PSI and
BETA give the accumulated values of ¢ and 3 to the level above, Colurins THETA
and PHI give the local zenith angle corresponding to that level and the angle of
arrival at the level above, respectively, 1n the last column, the accumnulated slant
range, RANGE, is printed, and below it the differential slant range ot the levels
traversed.

The total equivalent absorber amounts along the atmospheric path are then
summarized in their appropriate units.

Control parameters for the altitude-dependent aerosol extinction and absorp-
tion coefficients are then printed from Subroutine EXABIN,

A transmittance table, containing 13 colurmnns, now follows, The first three
columns give the frequency (em™h wavelength (um), and total transmittance, The
next seven columns show the individual transmittance due to water vapor, uniformly
mixed gases, ozone, nitrogen (4 um) continuum, total water vapor continuum,

molecular seattering, and total acrosol extinction, The hext two columns give

absorption due ta acrosols and the cumulative intecgrated absorption. The latter
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quantity can be used to determine the average transmittance over any given spec-
tral interval within the spectral range covered by the calculation. The last column
gives the transmittance of nitric acid, ¥inally, the total integrated assorption
from V1 to V2 is printed oui (units are cm~1) together with the average transmit-
tance over the band,

Case 2. Calculate the radiance at H1 for the same conditions as in Case 1,
The output of the program, shown in Table 7, is identical t¢ that of Case | up to
and including the printing of the aerosol control parameters,

Two parameters, J1 and J2, are then printed out, These parameters control
the loading of the cumulative absorber amounts into the matrix, WPATH,

A heading COMULATIVE ARSORBER AMOUNTS FOR THE ATMOSPHERIC
PATH is then printed followed by 16 columns, The first column gives an integer
associated with the layer traversal by the atmospheric slant path. The following
10 columns give the cumulative absorber amounts for the following species: water
vapor, uniformly mixed gases, ozcne, nitrogen continuum, water vapor continuum
(10 um), molecular scattering, aerosol extinction (boundary layer), UV ozone,
water vapor continuum (4 ym) and nitric acid. The next column is the average
temperature of the layer,

Below this outpury, the layer ID is repeated and the other three nltitude~depen-
dent, cumulative acrosol absorber amounts are printed.

A radiance table, containing six columns, now follows. The [first two columns
give the frequency (:‘nz—“') and the wavelength (um). The next two columns give the
radiance in units of W/cm'“)—ster—cm-l and W/sz—ster-um. The next column
gives the cumulative integrated radiance (W/cmz-ste"). The last column is the
total transmtittance,

Finally, the maximuin and minimum radianccs and their frequencies, the inle-
grated abgorption, the average transmittance, and the lotal integrated radiance
are printed,

Jase 3. Calculate the transmittance rormn 900 to 1145 cmul in steps of 5 Cm"1
for a 1-km horizontal path at sca level, using the ¥, S, Standard atmosphere and
the rural, 23-km meteorological range, nerosol model,

The output for Casc 3, shown in Table 8, with the exception of the omission of

the vertical profiles, is similar Lo that deseribed for Case 1,
1

Case 4. Calenlate the transmittance from 900 to 1145 cm—l in steps of 5 em”
for a slant path from 12 km Lo ground (0 km) at a zenith angle of 180°, using the
midlatitude summer model atmosphere and a maritime, 23 km meteorological
range acrosol model,

The output for this case, shown in Table 9, is similar to that deseribed for

Casc 1,
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Case 5. Calculate the transmittance from 900 to 1145 em™) in steps of 5 em~
using the MODEL = 0 option to define a 10-km horizontal path at 0-km altitude,
at a pressure of 1000 mb, an ambient temperature of IOOC, and a relative humidity
of 40 percent, Use the midlatitude winter ozone profile, and a 23~-km meteorolog-
ical range, rural aerosol model,

The gutput, shown in Table 10, is sumnilar to the horizontal path case, Case 3,
given in Table 4.

Case 6. Calculate, using the MODEL = 7 option, for a given set of radiosonde
data the transmittance from 900 to 1145 em * in steps of 5 em™? for a slant path
from 0.21 km to 8,55 km at a zenith angle of 35, 5%, Use a 23-km sea-level
meteorologiral range for the maritime aerosol model and the ozone distribution
of the midlatiiade summer atmospheric model,

In this example, the radiosonde dat-: consists of 21 levels with the following
parameters given; altitude (km), pressure (mb), ambient temperature (°C) and
dew -point temperature °c).

The output for Case 6 is given in Table 11. The only change in the output
from a standard run occurs of the first page of the output, Each MODEL = 7
input card is printed followed by the internal model profile parameters derived
from this card, Also, detailed information on the aerosol profile and type of
extinetion is printed for each level, The rest of the output is the same as that
described for the previous standard transmittance cases.

Case 7, Calculate the transmittance from 900 to 1145 cm“l in steps of 5 crn_1
for a vertical path from ground :o 10 km (zenith angle = 09), Using the MODEL =7
option, provide for a radiation fog (0.5 km meteorological range) from ground to
200 meters altitude and a rural aerosol model (23 -km meteorclogical range) from
200 meters to 2-Kin altitude. Use the U, S. Standard model atmosphere profile for
the molecular absorber amounts and for the pressure and temperature profile.

In this example, only the altitudes of the levels and the aerosol control
paraiiéters nead to be specified on the MODEL = 7 cards, The program output

for this case is given in Table 12 and is similar to that of Case 6,

99
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10. EXAMPLES OF TRANSMITTANCE ANuU RADIANCE SPECTRA

Some examples of transmittance and radiance spectra obtained from
LOWTRAN 5 are presented in Figures 28 through 41, Figures 28 to 30 show the
variations in transmittance and radiance with the six model atmospheres for three
atmospheric paths. The rural aerosol model, with a 23-km VIS, was used for the
boundary layer, and the default aerosol models for the rest of the atmosphere,
The spectral regions shown are between 400 and 2000 cm_l and between 2000 and
3600 cm L.

Figures 31 to 38 show the variation in transmittance and radiance with atmos-
pheric slant path for the U.S., Standard model atmosphere and the rural, 23-km
VIS, aerosol model for the spectral region between 400 and 4000 cm™!, These )
figures show the range of observer altitudes, zenith angles, and atmospheric
slant paths to which the code can be applied to model transmittance and radiance.
for specific atmospheric problems, '

Figure 39 shows the transmittance from ground to space from 0, 25 to 4 um.
This calculation used the U. S, Standard modcl atmosphere and the rural aerosol
model with a 23-km VIS,

Figure 40 shows the variation in transmittance in the spectral region between

400 and 4000 cm"1 for the rural, maritime, urban, and tropospheric aerosol
models, The calculation is for a 10-km horizontal sea-level path us '1g the U, S
Standard model atmosphere and a 23-km VIS,

Figure 41 shows the transmitlance of the two fog models in LOWTRAN for a

0. 2-km horizontal sea-level path and a 1-km VIS in the spectral regions from

400 to 4000 cm_l.
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11. AEROSOL MODEL COMPARISON WITH MEASUREMENTS

Between January and September 1970, EMI Ttd. made a series of measure-
80, 81
’ Under

the conditions of the setup, the experiment was largely a measurement of aerosol

ments of infrared transmittance at various wavelengths over the sea.

extinction and it provides a data set against which the LOWTRAN maritime aerosol
model can be tested, This section will review these measurements briefly and

compare them with LOWTRAN calculations,

11.1 Measurements

The EMI measurements were made over a 20-km path across Mounts Bay at
the southwestern tip of England. Most of the path was several kilometers offshore,
The source for the transmittance measurements was a 3800-K carbon arc black-~

body while the receiver was a Golay cell mounted at the focus of a 76-cm diameter

80. Arnold, D.H., Lake, D, B,, and Sanders, R. (1970) Comparative Measurc~
ments of Infrared Transmission OQver a Long Overseas Path, EMI Report
DMP 3736.

81, Arnold, D.H, and Sanders, R. (1971) Comparative Measurements of Infrared
Transmission Qver A Long Ovecrseas Path, EMI Report DMP 3868,
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mirror. Various filters could be placed in front of the detector. In this report,
data will be presented on three filters: their filter response functions are shown
in Figure 42,

FILTER | FILTER 2 FILTER 3 T0-8
0.57-097) 34-aap 79-1L3p

0.4

TRANSMI{TTANCE
o
2
$
o
TRANSHITTANCE

0.2¢

R I I R T I DE B R R RV R
WAVELENGTH (MICRONS)

Figure 42, System Response Functions for Three of the Filters
From the EMI Measurements; 1. 0,57 to 0.97u; 2. 3.5to
4.2 83, 7.9t011,3p

In addition to the transmittance, other physical parameters were measured at
one end of the path, including: air temperature, relative humidity (from a wet and
dry bulb thermometer), wind speed (estimated according Lo the Beaufort scale),
wind direction, and visibility (estimated by an observer viewing six landmarks

around Mounts Bay). A block of data consisted of the measurement ¢f these

physical parameters plus the detector response for each of the filters consecutively.

11.2 Calibration

The measurements were calibrated by sclecting one particular data block
with the highest (relative) measured transmittance for the 7.9- to 11.3-u filter: i
for this case the absolute transmittance was calculated using the data from P
Altshuler. g2 Comparing the absolute calculated value of the transmittance with G
the relative measured value allowed the baseline for this filter to be set, The -
system response for the other filters relative to the 7,9- to 11.3-u [ilter was also
measured over a short pach with negligible attcnuation, From the absolute trans-
mittance for the 7.9~ to 11, 3-u filter and the relative responses of the other filters,

the baselines for the other filters could be set,
82. Altshuler, T,I1., (1961) Infrared Transmission and Background Radiation by
Clear Atmospheres, GE Report 615D 199, AD401923,
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The data are actually presented as "effective atmospheric extinction coeffi-
cients" ¢ which are related to the filter-averaged transmittance T by

o= -(In T/L (32)

where L is the path length; in this case 20 km. (Note that o is merely the log of
the transmittance and is not comparable to a band model extinction coefficient.
Since the transmittances span four orders of magnitude, it is necessary to present
the data on a log scale.) As will be seen later, the quality of the calibraticn ap-
pears to be good,

11.3 LOWTRAN Calculations

To compare with the measured transmittances, the equivalent filter-weighted
transmittance for each data block was calculated using LOWTRAN 5. The required
inputs to LOWTRAN were given by t'he path length (20. 0 km) the pressure (assumed
to be 1013.25 mb), and the measured temperature and relative humidity. The
inputs relating to the aerosol extinction are the aerosol model and the meteorolog-
ical range, For most calculations the maritime aerosol model was used, How-
ever, the observer-estimated value of visual range reported in the data was found
to be inaccurate and unrepresentative of the conditions along the path.

To circumvent this problem with the observer estimated visibility, it was
decided to use the measured value of the extinction for filter 1 (0, 57-0.97 u) to
derive a value for the meteorological range, The meteorological range, VIS, is
defined as the path length over which the transmittance at 0,55 u is 0. 02, From
this definition and from Beer's law

VIS - 3+212 @)

where ¢ {0, 55) is the total extinction coefficient at 0,55 4 and 3,912 = In (0, 02),
{See footnoie on page 22, Section 3.2.)

In the spectral regio. from 0.57 u to 0,97 u, the extinction coefficient is dom-
inated by the aerosol extinction coefficient which in LOWTRAN depends only upon
the wavelength, VIS, and to a lesser extent, the relative humidity. Neglecting the
relative humidity dependence for now, if o * is the calculated mean filter-weighted

aerosol extinction coefficient for filter 1, then o,* = ¢ (0.55) B, where Bis a

1
constant. COne can then write

3.912 X B

VIS = Sig (34)
1
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Now between 0,57 and 0. 97 u, the aercsol extinction coeflicient varies slowly with
wavelength, especially for the maritime aerosol model (see Figure 10a). For this
reason we ¢an ap‘prox‘.mate 01* by the measured effective atmospheric extinction

coefficient 9y (Eq. {(32)) even though the spectral weighting is different for the two

quantities, Therefore, to the degree of approximation noted above, one can write
VIS = 3.912 X B/o1

In practice, the constant B was determined empirically by assuming an initial
value of B and calculating the "effective extinction coefficient" (that is, - L}
In "I_‘l, where "T‘l is mean transmittance for filter 1 calculated by LOWTRAN) for
each case in the data set, B was then adjusted until the mean of this value aver-
aged over the sample eqgualled the mean of the measured values gy-

11.4 Results of the Comparison

This section will present the results of the comparison of the measured and
calculated extinctions for various subsets of the measured data. In the figures
to be presented, the axes will represent the "effective extinction coefficient”, that
is, (-In T)/L, where T is the filter-weighted mean transmittance over the path
length 1, = 20 km, The solid line in each figure is a 45° line through the origin
while the dashed line is a least-squares fit ot the calculated extinctions to the
measured ones. Note that since both the measured and the calculated extinctions
contain errors, simple least-squares theory is not strictly applicable in this case,

Figure 43 shows the calculated vs the measured effective extinction coefficient
for the 7.9-to 11.3-u filter for the 50 cases of highest meteorological range
(that is, the lowest extinction in filter 1). The maritime aerosol model was used
in the calculations; however, due to the combination of the spectral region and the
high visibility, the maximum calculated aerosol exiinction in these cases is less
than 0, 02 km-l. This graph then is primarily a demonstration of molecular
extinction,

The regression line gives an indication of the quality of fit. The fact that the
y-intercept is nearly zero indicates that the calibration of the measurements is
good while the slope cf the line of 1.09 indicates that the average fit is within
10 percent. The staudard deviation about the regression line is 3,018 km-l; the
random uncertainty between the measured and the calculated extinctions can be
taken as plus or minus two standard deviations or +0, 032 km_l. The mean traus-
mittance for this set of points is about 0, 09, For the level of transmittance, the
uncertainty in the "effective extinction coefficient' of +0, 032 km ™! translates to an
uncertainty in the transmittance of about +0, 06.
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Figure 43, Comparison of the Calculated :

vs the Measured "Effective Extinction Co- 2

cfficients” for the 7.9- to 11.3-u Filter for 2

the 50 Cases of Highest VIS, Using the
Maritime Acrosol Model. The dashed line
is a simple least-squares fit of the calcu- " B
lated to the measured data: the slope, the
intercept and the standard deviation about
the regression line are given

Since the calibration error appears to be negligible, all further regression
lines will be constrained to pass through the origin. x

The maritime aerosol model is designed to be representative of moderate
wind speed conditions over the open ocean., To test the validity of this model,
those cases for which the wind was oft the ncean and between 6 and 17 m/see
(Beaufort scale 4 to 7) were selected. The results for this subset of the data for b
the 3.4 to 4.2y and for the 7.9~ to 11,3~y filters are shown in Figures 14u and b,
In both cases, slope of the regression line is not significantly different from 1,
indicating a good average fit between the celculated and the measured extinctions.
Also, the standard deviations about the regression lines are not significantly
greater than that in Figure 43, indicating the same level of random arror,

To demonstrate the results when an inappropriate aerosol model is used, the
subset of the cases for which the wind was offshore was chosen and the LOWTRAN
transmittances were calculated, again usitg the maritime aerosol model, The
results for the 3, 4- to 4. 2-y and the 7, 9- to 11,3~y filters are shown in Figures

45a and b. In Figure 4Ga the calculated extinctions in the 4-u region are clearly
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too large, by almost a factor of 2 for the high extinction cases, T'or the 10-u
filter shown in Figure 45b, the slope of the regression line is only slightly greater
than that in Figure 44b, where the proper aerosol model is used, and is the same
as in Figure 43, where acrosal extinetion is relatively unimportant, The scatter
of points in both Figures 45a and b is double that in Figures 44a and b respectively,

Since the maritime acrosol model is inappropriate for these cases for which
the wind blows off the land (at least for the shorter wavelengths), these cases were
rerun using the rural aerosol model (and adjusting B in Eq, (34) so that LOWTRAN
returns the same calculated extinction lor filter 1 as was measured), These
results are shown in IFigutes 46a and b. In Figucre 464, the calculated extinction
in the 4-u region are now too low, again by a factor of alinost 2 in the high extinc-
tion cuses. In Figure 46b, the slope of the regression line has been reduced to
slightly less than 1.0, but it is still not significantly different from 1.0, 'The
scatter of these points using the rural model is less than those using the maritime
model in about the same proportions as the reduction of the slopes of the regres-
sion lines.

The conclusions that can be drawn from these data are as tollows: in the 4-u
region, the maritime aerosol model provides a reasonably accurate description
of vpen ocean, moderate wind-speed conditions, For air masses originating over
land, ihe maritime model gives far too much extinetion, The rural model is not
appropriate for the offshore wind cases either, probably because as the wind blows
over the short siretch of water it generates sea spray and picks up some marina-
type acrosols, T'or the cases of offshore winds the most appropriate model is
some average of the maritime and the rural models,

In the 10~y region, aerosol extinction is less important than in the 4-4 region,
so that the choice of the aerosol model is less critical. Again the maritime model
gives an accurate description of an open vcean, moderate wind-speed conditicon,
However, even in situations where an inappropriate aerosol model is used, the

results may not be greatly in error.

12. SENSITIVITY TO METEOROLOGICAL INPUT PARAMETERS

In this section, an example of variations in transmittance, calculated from the
LOWTRAN model, due to uncertainties in meteorological input parameters is
presented. It is given to illustrate one method of determining the sensitivity of the
program to mieteorological conditions, which could be applied by LOWTRAN users

to a specific atmospheric problem, A more definitive study n this area, using a
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similar approach for electro-optical systems appiication, has been carried out by

Snyd0r83

of the Naval Oceans Systems Center,
In general, the transmittance, Trk, calculated from LOWTRAN for an atmos-
pheric path at a given wavenumber, Vier depends on an array of meteorological

input parameters, Xx;.

T =?(xl, eee, X

Kk (e X I’k) (35)

The N-parameters, X, corregpond to temperature, pressure, molecular absorber
amounts, aeroesol type and amounts, meteorological range, path length, etc,
Assuming that the variations in the input parameters, Axi, are completely

independent, the variation in the total transmittance can be written as

N /g \2 1/2

_ k 2

IR D ) o) : (36)
i=1

Equation (36) defines the rms variation in total transmittance at the wave-
number, vy for independent variations in the meteorological input parameters.
1t does not include LOWTRAN model uncertainties such as the band imodel approx-
imation for moelccular absorption or the assumption of homogeneous layering of
the atmosphere, with thermal equilibrium in each layer,

Since the transmittance is usually a h.ghly non-linear function of the input
parameters, the partial derivatives, (a?k/ax‘), of the transmittance in Eq. (36)
must be calculated numerically, starting from a given sct of input conditions and
a specific atmospheric path, The atmouspheric case chosen for this example is a
horizontal path of 2 ki at sca level, with a meteorological range of 4 kin for the
rural aerosol model, and the 1962 U, S, Standard atmospheric mouel. The trans-

mittance for this case from 500 to 3000 cm ™%

is shown in Figure 47.

The partial derivatives of the transmittan-e wete calculated from this set of
starting conditions by successive runs of LOWTRAN in which the various mete-
orological parameters were varied one at a time between 500 and 3000 vm-l. The
partial derivatives of the transmittance were stored in an (NxM) matrix, where N
ig the number of meteorological parameters varied and M the number of wave-
number points., Figure 48 shows the partial derivative of the transmittance with
respect to the water vapor density for this path and Figure 49 the derivative in

transmittance with respect to meteorological range,

83. Snyder, ¥, P, (1978) The Eifects of Meteorological Uncerta.nlies on Electro-
optical Transmitiance Calculations, Naval Occeans Systems Center,
San Diego, California, NOSC-TN-440,
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The variation i the total transmittance is shown in bkigure 50, Uncertainties
in five input parameters (pressure, temperature, meteorolcsical range, water-
vapor density, and path Tength) were assumed for this atmospheric path, For the
values used, transmiitances varied by approximately 15 percent in the window
regions (1000 and 2500 cm 1),

13. COMMLNTS

It should be remembered that the transinittance and radiance values obtained
f.om I.OWTRAN are at a spectral resolution of 20 cm'l, although the output can
Le obtained at 5-em ! intervals.

The nrogram will round off input frequencies to the nearest frequency at which
spectral data are given.

The overall accuracy in transmittance, which this technique provides, is bet-

ter than 10 percent. The largest errors may occur in the distant wings of strongly
absorbing bands in regions which such bands overlap appreciably,
The reason for this error is twofold. First, the spectral curves in Figures 19

to 21, Section 5 are bascd on a single absorber parameter and cannot be defined '

. e i e s
—_ AN RN G o P

for a wide range of atmospheric paths without somece loss in accuracy.

Secondly, the transmittance in the window regions between strong bands gen-
crally lies in the weak-line approximation region, where the transmittance is a
function of the quantity of absorber present and not ot the product of absorber
amount and pressure, The one-dimensional prediction scheme presented in this
report is less accurate for such conditions, The digitized data were obtained for
conditions representative of moderate atmospheric paths and will tend to over-
estimate the transmittance for very long paths and underestunate the transmittance
for very short paths, in the spectral regions described above,

Ag the transmittance approaches 1.0, the percentage error in transmittance
decreases toward zero but the uncertainty in the absorption (or radiance) increases.

Additional constraints on both the validity of the nrodel as well as the range of
applicubility are introduced [or atmospheric radiance caleulations, As mentioned
above the atmospheric radiance becomes less accurate for very short paths, In
additwn, the radiance calculations assume local thermedynamic equilibrium exists
in cach laycr of the model atmospheres, This assumption will break down for
radiance calcuiations in the upper atmosphere. Therefore, because of the limita~-
tions in the LOWTRAN model for short paths (or small absorber amounts) and
deviations from thermal equilibrinm (buth conditions which occur in the upper
atmosphere) it is recommended that the LOWTRAN radiance calculations be re-

stricted to altitudes below 40 kim.




W o e i s e

For the shorter wavelengths (<5 ym), scattered solar radiati 7 hecomes an
important source of background radiation. Since this is not included in the
LOWTRAN model at the present time, radiance calculations at the shorter wave-
lengths with a sunlit atmosphere should be made with caution. A single scattering
solar~radiance code (SPOT) for plane-parallel geometry has been developed by
Lampley and Blattner, 84 This code uses LOWTRAN 4 for the atmospheric atten-
uation of the solar flux.

Because of the nature of the program — which uses a layered atmosphere —
errors can be introduced into the refraction calculation, since we assume each
layer to have a mean refractive index associated with it., This is particularly true
for a long path in one layer near ground level where one would expect refraction
to be a maximum; but in fact, for such a condition the program may indicate no
refraction at all. If problems like these are encountered, the number of levels
must be increased in the altitude region of interest,

An additional note should be made here on ithe calculation of transmittance.
Although the code will calculate total transmittance for a given atmospheric path
in either mode of program execution, the time is increased by a factor of N in the

radiance mode, where N is the number of atinospheric layers aiong a given path,

84. Lampley, C,M., and Blattner, W.G.M. (1978} I'~0O Sensor Signal Recognition

i,

i, sl e ol £

ALt Sk i, A 2

Simulation: Computer Code Spot I, Atmospheric Sciences Laboratory,
Whitce Sands, NM, Report RRA-T7809,
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Appendix A

Listing of Program

A listing of the Fortran program LOWTRAN 5 (PROGRAM LOWEM) is given
in Table Al together with the 19 subroutines, as described in Section 7 and sum-
marized in Table A2, A definition of symbols used in the main program is given
in Appendix B. A segmented loader map of the LOWTRAN 5 code, from the
AFGI CDC 6600, is listed in Appendix C. An additional subroutine (DRYSTR),
used to generate '"dry" stratospheric water vapor profiles is described in

Appendix E.

147

FRECEDING FAGE BLANK-NOT FILMGD ..

o' Suitivy, T




Table Al, Listing of Fortran Code LOWTRAN 5

ODANONOOMNOMNNOONOOONAONOONAFDOOMNONDINN"A00NHDO0DMNAOM &7 8 A g 38 g 20000

PROGPAM LONEM(INPUT=178,0UTFUT=128,TAPEE=OUTPLT, TAPET=6L) LOW
L R A L Ry R Ny Y R Iy PR Ye Y eI
LOWTRAN 1 NOV 7¢ LOW
LCh

AUTHEORS LOW
FoXJENET7VS LOK

€. P. SMETTLE LOW

L. s AORFU LOW

Ja He CHETHYND JP, LOW

JeEs Ry SELPY LOW

W. Ce GBLLERY LONW

Ry ®a FINN LOW

R, A, MCCLATCHEY LONW

LOW

PROGRAM LOKTRAN SALCULATES YTHE TRANSMITTANCE AND/OR RADIANCE LOW
OF THE ATMCSFHERE LOK
FROM 36" CH-1 TO 4000¢ CM-1 (0.25 VO 28,57 MINRCNS) AT 2y CM-1 LOW
SPECTRAL RESOLUTION CN A _INEAR WAVENUMPER SCALE. LOK
REFRACTION ANC ZARTH CURVATURE CFFECTS ARE INCLUDEOD. ATMOSPHERELOW

IS LAYERFC 1IN ONT KM, INTIRVALS BFTWEEN 0 AND 25 KMe, 5 KMe INTER-LOW
VALS TO §7 KM,y 8 TWENTY <M, INTERVAL TO 70 KMs, AND A FHIRTY KM, LOMW

INTERVAL TC 109 K™, LONW
LR R Ty Y Y YN e Y SNy
LOKW

THE FOLLOWING CARDS SHOULD PE KEYPUNCHEG £Y THE USEFR LOW
AND MATLST T0t F X KNEIZYS,SFGL/OFI,HANSCCN AFB, NMASS 0173% LOW
THE CARDS WILL 9F USFPM TO UFDATE THE AFGL MALINC LIST LOW
AND FOR NOTIFICATION TO THE USER OF ZRRORS IN THE COODE LOW
LOW

LOW

(USE COLYMNS 21 To 72) LOW

LOWTS NB vE LOH
LOWT® COMFANY LONW
LOWTE anQRESS LOW
LCh

LOW

L e R L Yy Y Ty Y R TV Y T YN
PFROGRAM ATTIVATEN BY SUBMISSICN OF FOUR CARD SEGLENCE AS FCLLONS LOW

LOW

CARC 1 MOCCL, THAZY y ITYPE,yLENyJPy IM, ML, M2y 3, HL,IEMISS,RO,TBOUNDy, LOW
1ISEASN, IVULCh, VIS LOW
FORMAT (14113 ,2F10. 3,213,F10.3) LOk

CARD 2 HiysKH2,BNGLZ 4RANGE,IETA FORMAT(7F10.%) LOW
CARD 3 vi, v2, DV FCRMAT(7F10,3) LOW
CARD &4 IXY FCRMAT{IZ) LOW

LOwW
MODEL=1,2+3,4,5 0 54 SELEITS ONE CF THE FOLLOWING MODEL ATMOSPHERELOW
TROPICAL Z,MINL ATITINT SUMMIR,MIDLATITUOF WINTER, SLPARCTIC SUMMER, LOW
SUBARCTIC KINTFY,OR THE 1967 UeSe STANDARD RESFECTIVELY LOW
MOREL=C FCR WCRI7, PATH WHEN METEORNL, CATA USECNINSTEAD OF GARC 2L0N
READ M1,P(MB) ,T(NEG C) ,0EA PTLTEMP(CTG C)4%REL MUMICITY ,H2C DENSITLCH
(GHeK=-%1,0% DENSITY{GM,M~3), RANGE(KM) WITH FORMAT ucze, LOHW
MODEL=7 WHEN KZW WONFL ATMOSPHERE(S,G, RACIOSCNCE 0ATA) USED, LOW
PATA CA2CS APt R€AC TN BETWEEN CARPS 1 AND 2, ANC SFCULD CONTATAN LOW
ALTTTUNE (KM,) \FRESSIRI yTEXMP ,CEW PT.TFMP,REL. RUPICITY,H20 CENSITY,LOW
0 DENTITY,AFFOS0L NO  DEINSITY yVISY1,IHAL, ISEAL,IVULL FORMATLOW

435  SEE NSMDL FO? DFTAILS. LOW
NOTE THS8T EITHER NEW PT, TFMP,OR REL. HUMIDITY CAN FE USED. LONW
LOW

¥1yH?yM Ty BFF USEN TO CHANGE TEMP,H20, ANC 03 BLTITLCE PROFILES, LOh
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont.)

na
o0

AMECOOO0NONCOTMAOOO0NNANAN0AODNOMOOMNO0MN00NMNO0NO0N YADDO0O00D

1

t

*

JEMISS=N=TRANSYTISSION MOOE / IEMISS=4=EMICSSICM F(CE LON
TBOUND=TEMPERATURPF OF ZARTH IN DEGREES KELVIN LONW
.IF T30UNC = 7F0, ASSU4ES AIR TEMPERATURE OF MODEL ATMOS, LON
LOW

IF IHAZE=NM NO AZR)ISOL EXTINCTION IS COMPUTED LON
VIS PARAMETER ON “ARD 1 OVFRRIDEC DEFAULT THAZE VALUE LOW
NQTE EXPANSICM OF THAZE PARAMETER LONW
IHAZE=1 PRIRAL=2IKM LOW
IMAZE=2 RURAL- SKM LONW
IMAZE=3 HARITIME-23KHM LOW
IHAZE=4 MARITY TME-CKM LON
IHA7E=5 UPODAN-GKM LCW
IHAZE=6 TPOFOSPHERIC~SOKM LONW
IHAZE=? USER DEFINEC LONW
THAZE=8 FOG1 - DEFAULTY VISIBILITY =0.2KM LOW
IHAZE=9 FO52 » DEFAULT VISIRILITY =0.5KM LOK
VISIBTLITY FRCFILES (NEW PARAMETER-ISEASN) LOW
ISEASN=0 DOEFAULTS TO SEASQON OF MODEL LOR
ISEASN=1 SPFRING-SJMME®D LOW
ISEASN=? FALL-NINTFR LOM
NEW PARAMFYER -~ IVULCN LOKR
10-3rKM AERPQOSOL TYPE/VIS PROFILE LOW

IVULCN=0 CDEFAWLT TO STRATOSPHERIC BACKGROUNT Lk
IVULCN=1 STRATOSPHTRIC BACKGROUNC LOW
IVULGCN=Z ARET YOLUANTC TYPE/MOCERATS VGLCANIC FRCFJILE LOW
IVULCN= T FOUSH VILCANIC TYFE/ZHIGH VOLCANIC FROFILE LOK
IVULCN=4 AGEC VOLCANIC TrPE/HIGH VOLCANIC PRCFILE LOW
IVULCN=5 FRESH VILTANIC TYFE/MODERATE VOLCANIC PROFILE LOW
LOW

ITYPE=1,? OR X INNICATES THE TYPE OF ATMLSPHERIC PaATH LOoM
ITYPE=2,VERTICAL 3P SLANT PATH TO SPACE LOH
ITYPE=2,VERTICAL 0P SLANT PATH BETHFEN TWO ALTITUGES LO®
ITYPE=1, CORRFSPONLCS T( A HORIZONTAL (CONSTANT FRESSURE) PATH LOMW
LCH

H1= ORSERVER ALTITUOS (XM) LORK
HZ’=SOQURCE ALTLITUPF (XM} LOW
ANGLE= ZENITH ANGLE AT Hi (LEGREES) LOW
RANGE=PATH LENGTH (KM) LOW
AEFTA=EARTH (ENTRE ANGLE LOW
VIS = VISUAL GANGT &7 SEA& LEVEL (iM) LOW
(IF ITYPF=1 RFAN 41 AND RANCGESIF ITYPZ=2 REAC HL ANC ANGLE, LON
IF ITYPE=¢ °EAD Hi AND TW) OTHER PARAMETERS E€.Gs H2 AND ANGLE) LO®
LONW

VIZIMITIAL FRFAUENCY (WAVINUMEBER CM-1 ) JIANTEGER VALLE LOW
V2zFINAL FRIQUSNCY (WAVENU4ARER Cr-1 ) INTEGER VvALUF LOW
KV FREQUENCY INTFPVALS AT WHICH TRANSMITTANCE IS PRINTED LCH
NOTE OV MUST 8¢ a4 HMULTIPLE QOF & CM-1 LOW
LOW

IXr=0 10 env 0318 ,=1 FOR NEW V1,V2,0V CONLY , =2 TC CONTINUE DATALONW
IXY=2 FNe NFW CA&ON  (ONLY, =4 FOR NEW CARD I ONLY. LOW

FREPRPAN IR IS FERR RN E RSN RAR AN PN EN AR R NN FRN SRS EBER xR TR g R R RO PR )

COMMON /C82N1/ MOJFL Z THAZZ , ITYPEZLEN, JPy TPy ML M2y MI, ML, TEMISS, RO LOW
y TBOUND, TSFASNy IVU_CN,y VIS LO¥
COMMON /rasr2/ H1,H? ,8NGLD yRANGE j PETA, HHIN,)RE LOW
COMMON /CLPPI/ V1,V IV,AVH,CO,CHyW{15) &£ (15) ,CA,-"T LOW
COMMON FCONTRL/Z LENST yKMAX M aTJ s J 1y J2yJJMINYJE XTRAHIL,TKMAX, NLLyHF1 LOK
sy IFIND,NL, TKLO LOW
COMMGN /MDBTA/ 7434) 4P (7,34),T(7,34),WHLT7,34),R0(7,24) LON
s SEASNI(P)  VULCN(R),VRBI(9) ,H7 (15) , HHIX (&) LOw
COMMCN RELMUMCOTLY,HSTHR(IL) ,EH(15,24) , ICH(W) ,VH{15) ,TX(15) LOW

144

€10
E20
630
640
17
660
€70
€80
690
700
710
720
70
T40
750
760
770
78u
790
8900
€10
8¢0
830
840
esg
860
87e
880
er
2090
919
€20
crg
940
€ty
€e0
570
380
1000
1010
1020
1030
1040
1059
1060
1070
1580
10¢0
1100
111)
1120
1130
114
1150
1160
1170
118C
11430
1200
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10
c
C
15
20
25
30
3:
C
C

COMMON WLAY (Thy1C) ¢WPATH(58,15) ,TORY(E8) LOW
COMMON APSC (4, 6n), FXTC(Lya0) g VX2140) LONW
IXY=0 LOW
CALL MD1 4 LOW
KMAX=15 LOW
PI=2.0%8SIN(1.T} LOW
CA=PI/180, LOKW
CONTINUF LONW
RE=6271.2% LON
IFING=1 LOW
JP NE N SUF F3S PRINT LOMW
REAC 105, MOUFL, THA7E, ITYPE,LEN,JF,IM, M1 ,82, M3, N, ,TENISS, RO, TACUNCLOM
1, ISEASN, IVULT N, VIS LOW
TEMISS=T1=TRANTMISSTON MODZ / JEMISS=4=EMISSION MOCE LuNW
IF (IEMISS,.EN. 1Y PRINT 113) LOMW
If (IEMISS,F0,0) ORINT 115 LOW
LcNST=LEN LONW
PRINT 105, KCLEL,IHAZS, ITYPE,LENsUP, IH M1, H2 M3, MLy TEMISS,RO,TEOUNLON
10, ISEASN, IVULCN,VTS LOW
#:MODEL LOW
TFC(MyEDe 7, CRy M EN43) cAND. TSEASNLEQs0) IStASN=2 LOW
IF (VISeLFoNe0aAND,THAZES53T40) VIS=VSB(IHAZE? LOW
ICH(1)=THAZE LON
ICH(2) =6 LOW
ICH(2) =9 +IVLLCN LOW
ICH(Y) =15 LOk
IF (ICHC1YWLEL D) Trd(1) =1 LOW
IF (ICH{ X JLE, M ICH(S) =10 LOW
IF (MODEL,S0.1) RIS6778,33 LOW
IF (MOR L ECL ) ©7=R3%56,91 LOW
IF (MODEL +EC.5) FE=HITE6,91 LOMW
IF (THA7E,NE.7) =0 TQ 20 LOW
KEAD 2fin, CNUMKY ,EXTC{4,1) 4 ABSC (L, 1), 171,40} LOW
IF (ROGHT,CL.0Y) PE=RO LOW
TF (MODFL.EG.7.AND,I¥.NELO) GO TO 35 LOW
1F (IXY,GT.? GO YO RS LOK
IF (MODEL.F0.0) GO TO 235 LOW
READ 120, H1,k?, ANGLE,RANSE,BETA LOw
FRINT 185, Hi,H?>,8N<LT,RANGE,BETA LOW
X1=RE4H| LOW
Ir {ITvPE,SN,7) GD TO 4O LOW
IF (ITYDF,EGe1) D TO 65 LOW
X2=RE+H? LON
IF (PANGF.ZGeCe) 50 TO 50 LOW
FRINT 1735, H1,H? ,ANGLT,RANGE,PETA LOw
IF (H2.ENeloCLANDLANGLEWNF 4+ 0o 0) GO TO 30 LOW
ANGLE=ANOS (L S* ((HZ-H1)* (1, +X2/X1) /RANGE-RANGE/ X)) /CA LOW
GQ To &n LOM
X2:SERT ((X1/RANGE+RANGE /X147, 0*COS (ANGLE®CA) ) *X1¥RANGE) LOW
2=X2-RF LOW
co o ¢ LOw
T CONTINUS LONW
IF (ML,LF.P) ML= LOW
CALL NSHPL Lok
IM=p LOR
IF (MODEL,En.() 6D TO 6% LOW
NL= ML LOW
NOTE THAT 7(I3 waY NCT CORRESFONG TO THE VALLUFS GIVEN FOR STANDARCLOW
MODEL ATMOSTHERES LOW
IF (IXY,GT,2) GO TO €F LOW

1210
yz2n
1230
1240
1250
1260
1270
1280
12940
1300
1310
1320
1130
1340
1350
1260
137¢
13180
1390
1400
1410
1420
1420
1440
1450
14E0
1470
1480
L4co
1500
151480
1520
1€
1640
1550
15€EN
1570
1580
1590
1e00
161D
1620
1€39
1€4C
1€¢0
1€€0
1€70
1680
1€30
1700
17190
1720
1730
1749
1250
1760
1770
1780
17990
1800




Table Al, Listing of Fortran Code LOWTRAN 5 (Cont.)

GO0 T0 28 L0k 1610

40 IF (RANGF.GT40.,0) GO TO 435 LOW 3220
IF (H2,GT .00 8ND HP LT HL) IFINDO=1 LOW 1870
G0 TO &S LOW 1840

45 ITYPE=2 LOW 1880
BETA=ACOS(Q0.S*(RARGE*RANGE 7/ (X1*X2) ~X2/X1=X1/7R2) ) /CA LOR 1880

50 IF {(EETALEQ.0.} GO TO 5% LOW 1270
' IFINC=1 LOW 1880
BET=CA*RETA LON 1860
X2=RE+H 2 LOW 1960
ANGLEZATAN(X *STN(BET) /(X2*COS(B8ET)=X1))/CA LOK 1910
RANGE=X2*SIN(AETYI/ SIN(ANG. E*CA) ‘OW 1920
BET=RETA LOHW 1930

GO TO 6S LOW 1%40

55 RANGEZ(XZ/X1) **7-(TIN(ANG_E*CA)) ®*?2 LONW 1940
IF {(RANGE,GE,0.3) RANGE=X1* (SQRT (RANGE) -ABS (COS (ANGLE®CA))) LOW 21S€0

60 IF (ANGLE.NE. Oy OR, ANGLE.NF.180.) OFET=ASINM(RANGE*SIN(ANGLE*CR)/XZILONW 1€70
G IF (ANGLE.LT.0.) ANGLE=ANGLF+180, LOW 1330
e IF (RANGE.LT.C.0) PANGE==RANGE LCOW 1¢<¢0
' BET=RET/CA LOGW 2000
FRINT 19%, H1,H2,ANGLF, RANGE,BET LOW 2010
55 CONTINUE LONW 2020
IF (IXYJLE.2) REA™ 120, Vi,V2,0V LOW 2030

IF (IXY4LE,2) PRINT 120, Vi,V2,0V LON 2040

IF (ITYPF,EN0.1) PRINY 125, K1,RANGE LOW 2050
IF (ITiPELTQR.2) PJINT {30, HisH2y ANGLE LCHW 2060

IF (ITYPE £G,3) PRINT 135, H1i,ANGLE LOMW 2070

IF (MOPEL.FO,0) M= LOW 20¢&0

IF (VIS.GT,%.C0) PRINT 175, VIS LOW 2090

1F (H,EQs¢1) PFINT 14f, MODEL LOR 2160

IF WM.tde?) PRINY 145, MODEL LOW 2110

IF (MyFN.?) PRINT 150, MOJEL LowW 2120

IF (M,FN.&) PRINT 155, MONEL . LOK 2130

IF (M,EQ.%) PRINY 165, MODEL LONW 2140

IF (M,EQ.,6) PEINT ‘A0, MODEL LOW 21cD

IF (IMAZELEM,() PRINY 199 LOW 2160

IF (THAZE.NE.v) PRINT 170, IKAZE,HKZ(IRAZE),VIS LOW 2170

IF (ISEASN.EQ.0) PRINY 205, SEASN(1) LOW 2180

IF (ISEASN.NE.D) PRINT 205, SEASNUIISEASHN) LOW 2190

IF (IVULCN,EQ.D} 3RINT 210, VULCN(D) LOW 2200

IF (IVULCNJNE.D) PRINT 210, VULCHN(IVULEN) LOR 2710
AVH=100004/V1 LON 2220
ALAM=10000./VZ LCW 2230
PRINT 160, Vi, V2,0V,ALAM, VN LON 22490
CALL HPROF LONW 2:%0
CaLL GEN LOW 2Z€0
CALL EXARIN LCN 2270

70 WRITE T y105)IM0DFLy IHAZE yITYFE,LENyJFy IM, M1,M2,M34ML,IEMISS,RO, LOW 2-80D
1 TBOUND, ISFASH, TWULCN, VIS Lt0OW zZz&§
WRITE(7,120) F1,H?yANGLE,RANGE,RETA L4 2300
WRITE(7,120)0V1,V?,0V LOW 2310

IF (IEMISS,.EN.N) GO TO 75 LOW 2220
caLL PATH LOW 230
PRINT 21°% LOW 2240
PRINT 2210 LOW 2350
75 CALL TRANS LOW 22F0
© READ 105, TXY LO% 2378
END FILE 7 LOW 2280
JEXTRA=1 LOR 2390

IFINO=P LOW 2400




Table Al. Listing of Fortran Code LOWTRAN 5 (Cont,)

PRINT 17€, Ixv ’ Law

IF (I¥YY.EQ. O 6O YO 95 LOW

GO TO (B80,10,85,10,25), IXY LON

80 READ 120, ¥1,V2,0V LON
AVH=10000./V1 LOW
ALAM: 10000, /V? LOW
PRINT 180, Vi,V2,)V, ALAM, QVN LOW

GO TO 71 LON

85 IF (IEMISS,€C.1) PERINT 110 LOW
IF (IFMISS.EN,0) SRINT 115 LOW

IF (MODEL.EQ.0) 6D TO 3¢ ) LOW

GO TO 25 LOW

95 STQOP LOK
LOW

100 FORMAY (3IT,RF11,.4) LOW
105 FORMAT (11T13,2F10, 3,213,F11.3) LOW
110 FORMAT (47H1 PROGRIAM WILL BE EXECUTEN IN THE EMISSICN MODE) LOK
115 FORMAT (5iHi FROGRAM WILL RE EXECLTEN IN THE TRANSMISSION MODE)  LOM
126G FORMAT (7F]0. ) LON
125 FORMAT (/710X,28H HORIZONT AL PATH, ALTITUDE =,F7.3,11H KM,RANGE s,LOM
1F7.3,34 kM) LON
130 FORMAT (//1CX,59H SLANT PATH BETWEEN ALTITUDES W1 ARD HZ WHERE H1 LONW
=3F7.3,8H KF H? =,F7,3,184 KM,2ENITH ANGLE =,f?,2,8F DEGREES) LOW

136 FORMAT (//10X,39H SLANT PATH TO SPACE FROM ALTYITUDE Hi =,F7,2,19H LON
1KM, ZENITH ONGL™ =,F/.3,64 UEGREES) LON

140 FORMAT (/20X,18H MO0fL ATMOSPMERE ,It, 11H
145 FORMAT (720X, 18H MOOFL ATHOSPHERF ,I1,21H
150 FORMAT (/20X ,18H 4ODEL ATHYOSPHERE ,I1,21H
155 FORMAY (/20X,18H MOPEL ATMOSPHERE 3I1,21H
160 FORMAY (/2D¥,*8H MODEL ATMOSPHERE ,11,21iH 1962 US STANDARD ) LOK
165 FORMAT (/20%,18H 40)EL ATYOSPHERE 5 I1, 24H SUB=-RRCTIC WINTER ) LOW
170 FORMAT (s20X,15H HAZF MODEL  ,I1,3H = »ild,SH VIS=,F5.1,24KM)LOH
$7n FORMAT (/26X,13MHATC 4ODEL =,F5,1,29H KM VISUAL KANGE AT SEA LEVELONW

) LOW
180 FORMAT (/10%,21H FREQUENCY FANGE V1= ,F7,1,13H Ch~1 TC V2= ,F7.1,ilL0ON

14H CM=-1 FOY OV =,FR.1,9H CH~1 (pFEs2y3H = 9F5,2,10H MICRONS ) LOW

TROFICAL) LON
MIDLATITUDE SUMMER) LOW
MIDUATITUDE WINTER} LON
SUL-ARCTIC SUMMER ) LOM

185 FORMAT (10Y,7F1043) LOK
190 FORMAT (/20X,39HAZROSOL SCATTERING NPT COMPUTED, IMAZE=0) LOM
195 FORMAT (10X,4H H1=,F7,3,64KM)H2=yF 703, IHKN)ANGLE 2,F Palt, 13HGE CMy FALQW
INGE =,F7.7,8HKN,RETA=,F8,5) LOW
200 FORMAY (LIFE, 2,2F7,5)) LONW
205 FORMAT (/20%,10H SFASON = ,A13) LOMW
210 FORMAT (720X, %H VEPTTCAL PROFILE A4{°0SOL MOCEL = ,21€) LONW
21% FORMAT {(1H1,57X, JHRADTANZE (WATTS/CMZ~STER-XXX)) LONW
220 FORMAT (XX 4 7HFR{CH=1) WVL(MICRCN) FER CM=1 PER MICRONy2EMLOMW
1 INTEGR AL TRANS) LOR
END LON
152

2410
2420
2420
2440
2480
2LED
2470
2480
2ue0
2¢00
2510
2520
2820
2540
2550
2560
2570
2580
431
26100
2F10
2tel
2¢30
2640
2¢%0
2€E€ED
2€70
2680
2€90
2ro¢0
2710
2120
2720
2748
2750
2760
2170
2780
2790
2800
ae10
2820
PE30
2840
z2ec0
2860
2870
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont.)

U AT - P

SUBRROUT INE MPTA . MDT 10 -
c MOT 20 ;
c MODEL ATMOSFNERS DATE MDT 30
c MDT 40

COMMON 7CARC1/ MODEL y IHAZE ) TTYPEJLEN, JP,IHyM1,M2,M3,M, IEMISS ,RC MCT 50

1 yTBOYND, ISEASN,IVULCN,VIS MOT (4]

COMMON /CARDZ/ M1, HZy BNGLE y RANGE yBETAyHFINyRE NDT 70

COMMON 7CARC3/ V14V?,0V,A¥N,CO9CH,N(15)4E(15),CAyF1 HOT 80

COMMCN ZCNTRL/Z LENST JKMAXy M, TJ9d1yJ2y JHINJJEXTRAZIL,IXMAXyNLLy NP1 NOT <q

1, IFINDyNL, IKLO MOT 100

COMMON /ZMDATA/ 7(34) 4P (7524) g T(7,3L), HH{T,34)},HCLT, 24) MOT 110

1 ,SEASN(2), VULCNC(5),VSB(G) ,HZ(15) 4HMIX (3&) MOT 120

COMMON RELHUME3L) ,HSTOR(34) JEH(15,34) , ICH (W) ,VH(15),TX(15) MDY 130

COMMON WLAY (34415) ,HPATH(58,15),TBBY(68) MDT 140

COMMON ARSCHUy WD) yEXTr(L,y40) VX2 (40) MDY 180

OATA IATHM/ €/4N. 7 T/ MDT 160

CATAY Z2C11,y1=1y )/ MDT 170

1 Oss 1oy 2ey 34, bay S5ey 64y Toy 8.y MOT 188
2 Gy 10,y 11, 12, 134, 144, 154 16ay 174 MDT 190
3 18,4, 19., 704y 214y 224y 224, Cloy 2549 Iy HCT 200
4 354y 404y 45, 504 7T0,, 1004,99999,/ MDT 210
DATAC P(1,1),151, 3}/ MOT 220
1 2, 013E4C23, 9,04rCen2, 3,050E+02, 7.150E402, 6.3I0E+u?, S5.593E+02,R0T 2320
2 u920F 402, 4.320°402, 3.780E+02, 3,290E402, 2,860E+02, 2,L70E+02,MDT 240
3 2.430F 402,y 148202402y 1+5F0E+02, 1.720E+402, 1.110€402, 9,370E+01,M0T 250
4 7.U90E+4C1, 6,660 ¢31, 5¢350E+C1, 4,800E+0L, we0YLE+01, 3.,500E¢01,MDT 260
5 3.000€401, 2¢570F¢01y 1,220E¢01, H,000E+00, 3. 050E+00, 1,590E¢00,M0T 270
6 845407 =01, S,7902-02, 3.J0CE=04, 0, / MOT 280
DATAC P(2,T)yT1=1, 3I8)/ MDT 290
1 1.013E+0%, @,0205+02, &,020E+02, 7,100E+02, €.280C*02, 5.S540E¢02,MOT 200
2 eB707 432, 4.260°402, 3I,720E+02, ?,240E+U2, 2,810E402, 2.420E+02,MDT J10
3 2.0905402, 1.79205402, 1.5306+402, 1.300E402, 1.110E402, 9.500E+01,4DT 220 1
4 84120F+CY, 6.957T 401, F.950E+01, 5.1G60E¢01, 4.I70E¢01, 3.,760E+01,MDT 130C
S5 342206401, 2.7705401, 1.320E+01, 6,520E400, 3,330E+00, 1,760E+00,NMDT 340
6 Ce5i0E-01y 64T10E-D2y J400CT-04, 0. / MDT 350
DATAC P(2,T),I=1, )/ NOT 260
1 1.,018F 407, 8.9737402, 7.897E+02, 6,938E+02, 6.081E402, 5,313E+402,40T 370
2 UeB2TF 402, 4,016C+02, IMU7IE402) 2.992E¢02, 2.5ERE+02, 2.199E+02,MOT 380
3 1.,882F 402,y 1.6102402y 14378E402, 1,178E+0Z, 1.007E+02, B.€LJE+01,MOT 390
4 7.3506¢01, €.2R05¢91, 5.,370E+01, 4.S80E+01, I.910F401, 3,340E+01,MDT 400
65 2.860E+01, ?.4T0F40%, 1,110E+01, 5,180E+00, 2.530E+400, £.290E¢00,MDT 410
6 6,820E<01,y L.6705-n2y 3,000E=0uU, 0, / MOT 420
DATAC PeL, 1), 14, )/ MDT 420
1 1.0106402, 849605402, 7.929E+02, 7,000E+02, 6.1C0E402, 5,4L10E+02,NOT 440
2 4oTINDE+02y 4 13CE+92y X.590E+0Z, T.137E402y Z4€¥7E402, 2.300E+0Z,MCT 450
3 14977F 402 14700%¢72, 1,460E+02, 1,250E+02, 1.08LE+82, 9,280E¢04,MDT 46O
b 749805401, €E.860-+01y S.390E+01, 5.070E+01, 4+360E401,y 3.,750E¢01,MOT 470
6 3,227F+01, 1,340E+401, 6.610E+00, J.4OCE+00, 1,810E¢00,MDT w80
6 9,870F=014 7,0702-02, 3,000E=0L, 7, / MDT 499
DATAC P(S, 1), I=1, 34)/ MOT 546
1 140137402, 8,87874+02, 7.775E¢02, 6,798E402, 5,932E402, S.158E40Z,MDT €10
2 LoUBTEHD2, 2,86535402, 3.30FE+02, 2.829E+402, 2.41RE+02, 2.U6TE+02,MDT 520
3 4,7€6T402, 1,5105:02, 1,794E402, 1.10%E402, C, LIJE+04,. A,.058E¢01,MCT 530
4 648825401y S.ATSF+0%, 5,014E+0%, 4,277E401, 23,647E+0%, 3,109E4¢01,MDT Su0
5 24E49E40Ly To2567+01) 1.020E+01, U4.701E400, ZeZW3E+00, 1.,113E+400,HDT 550
6 547195 =01, 4.0165-72, 2,J0(E~Chl, 0. / MOT 60
NATAC ©(h,T)yI=1, 343/ NDT 570

1 1.013F+C7, R,99p34(02, 7.350E02, 7.5125002, 6.16€E+02y, S5,ULOSE4+DZ,MDT SE0
2 Le7220492, 4.1113472, 2, 536FE+62y) 3.J)80E+972, 2.65LE+02, 2,270E+02,MDT S9C
3 1.9L0E407, 1.65R#N2, 1,417E+02, 1,211E4¢02, 1.035E+02, 8,850E¢01,MCT o600

153
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TeS65E461y 6,674,
2e4972E+01, 2.549E4+01,
7.97BE=-014 $.5270F-02,
DATAU T(1,I),1=14 3W)/
34000E¢02, Z.9402¢02,
2+540E 02y 2.57T0E¢N2,
2.240E002y 2.170E+02,
1.990F+02, 2.0702412,
2+3190E+02, 2.2105402,
24700F 402, 2.1907C 402,
DATAt T(2,1),TzL, 3W)/
2.940E+D2, 2.9005+02,
2.610FE402, 2.550°+02,
2.220F402, 2.,1602+02,
2. 160E+02, 2.1702402,
2.2T0F 02, 2.2405402,
2.760E+02, 2.1805+02,
DATAC T(3, ), T=1, &)/
2.,772E+02, 2.687E402,
22437F 402, 2,377F+02,
21875402, 2.1825+02,
244575402, 2.152%+02,
24152€¢02y 2.152F+02,
2+657F#C2y 2.307E+D2,
DATAL T(u,Ii,1=4, 24}/
2.870E+02, 2.870°¢02,
ZeS3NE+02, 2.46DE402,
20 250E+02s 2.2R07402,
2.250E+07, 2,2%0°402,
2426054072, Z.280E402,
2.T70E402, Z.160E402,
QATAC T(%;1),1=4, TG}/
2.,5671E+02, 2.591F+«02,
243L1F+02, ?.,27XE+02,
2.172E4+02, 2.1722402,
2.154E+02, 2,1485402,
291185402, ?2.112E¢02,
25828402, 2.4575402,
OATAC TCE,1),1=4, 34)/
2.881E+02y 2.8165¢02,
2aL92E 400y 2, 4277402,
2.166E+02, 2,166T4312,
Ze166ELN2, 2,16 07,
2e Z0RE 07, 242164062,
2+, TO6E+02y 2.1977402,
DATA(WHI1,1),T=1, 24)7/
1.900%401, 1.3007401,
8.500E~-01, L.700E-D1,
6.00DE-0%, 1,B00E-0Z,
S, 000E-0&4, 4,900Z~04&,
6.000E-C4, 6,7002-04,
6e JOIF~PE, 4.L0DF-"7,
DATALHH(2, 1), 1=1, 24}/
1.40C0°+C1y 9.300+90,
hel00E -1, 2,700F-%1,
6.000E-087", t,800°~C3,
Se 000€-NU, 4,A00Z-0b4,
6+ 000FE =04y €.700F -04,
6.3M0E-06, 3,4NDE-NT,
RSN

DATAIHH (X3 I, 1=1,

Se529E+401,
1,197E+01,
3.008E=04y

2.88CE+02,
2.,500E+02,
2.10CE+02,
2.170E402,
2.5206402,
2.100E402,

2,850E+02,
2.L4B0E+02,
2.160E402,
2.1 8GE+02,
2.340E¢02,
2.1 00E402,

246528402,
2s 31 7E4D2,
201 77E402,
2.152E¢02,
21 T4UE+02,
2.102E+02,

2.760E402,
2.390E+02,
2.250E402,
2.2506402,
2,350E+02,
2,1 00E+02,

2.559E402,
2,206E402,
2,172E+402,
2.141E402,
241606402,
2,1 00E402,

2,751E+02,
2+362FE+02,
2.16EE+OD2Z,
241 BGE #02,
2.2R5E+L2Z,
2.1 00E+02,

9,3 00E+00,
2,500E-01,
1.0006-93,
4.5 00E-04,
3.600E-04,
1,000E-09,

€.90CE*0C,
2.1 00E-01,
1.000E=-03,
4,500E-CuL,
3+600E-004,
1.000E-09,

4y T29E401,
S. TUBE+ 00,

O«

4

2.840E402,
2. 4LO0E+02,
2.0u0e402,
2,530,402,
2.430E+02,
2.100E%02/

2.790€+02,
2, L20E+ 02,
2.16 0E402,
2.120E+02,
2. 450E+02,
2.100€402/

2.617€+07,
2,257E402)
2.172E¢02,
24152E402,
2.278E+02,
2+.100E+02/

2.710€¢02,
2. 320E+02,
2.2508402,
2.250€+02,
2. 470E+02,
2.100E+02/

2,527€+02,
2.172E+02,
241728492,
2+136E+02,
24 222€E402,
2+100E+02/

2e6BT7E+02,
2+297E+02,
Z+166E+02,
2.176E¢02,
2. 3E5E402,
24100E+02/

4, 700E+00,
1.200€E-08,
7.600€-04,
G 1N0F-0b,

0.

1.100E~04,
/

24300€+00,
1. 200E-01,
7+600E=04,
5+1007 =04y
1, 100E=0%,

0.

/

4, 0W7E+01,
2, AT1E #1000,

2.770E 402,
2. 3I70E4+02,
1.970E+03,
2. 15CE+02,
2.540E+02,

2,730E+02,
2. 350E402,
ZJ1€QE+02,
2, 20CE +82,
2, S80E+02,

2.557E402,
24197E+02,
Ze1E7E+DE,
Z.152€+12,
20 432E+02,

7.660E402,
2.250E+02,
2,25CE+02,
2.250E402,
2, 6206402,

2. 427E402,
Ze172E462,
2. 4EEE+02,
2.130E+02,
ZeIWTE+02,

24,€22E+02,
2.2 32E+02,
ZelbbC 402,
2.166E402,
2. 534E+02,

2.20CE+00,
5. 00GE-02,
€ 4 00F~ 0L,
Sy 1011E-04,
4, 300E-05,

1.900E+00,
Es 4OCE~02,
E«4 Q0E =04,
5¢10CE=-04,
4y 30uE~DS5,

3.46TE+01,MDT
1.491Fe00,NDT

“pT

MDT
2.700E402,MDT7
2.300E+402,M0T
1.950E+02,M07
2.4170€02,MDT
2.650E402,M07

MOT

MOT
2+E70E#02,MDT
24290E402,M0T
24160E402,M0T
2022 0E402Z,MD7
2eTCOESD2yMOT

“oT

MoT
2e49TERDZ,HDT
2¢192E402,4M0T
24162E402,M07
20152E402,M0T
2.585E+402,M0T

MOT

MOT
2.600E402,M0T
2.250E402,M07
2. 250E+02,M0T
2.250E802,MDT
2, 740E402,MDT

MOT

HOoT
ZsLOQE+02yHOT
24 472ERQ 2,MCT
2+160E40Z,MDT
24124E¢02,M0T
2. 4TDE+02,H0DT

MoT

MDT
22557TE*0 Z,NDT
2,168E402,MCT
2.16BE¢0Z,MUT
2.196E402,H0T
2.642E402,M07

MOT

MDY
LeGOCE+QG,MNCT
1.700€-02,M07
S.600E~L 4yHDT
SrL00E~O4 MDY
1,900E~05,H0T

MOT

MOT
1.000E+00,807
2+200E~02,M07
S5.B00E=04,M0T
S.L0UE~04,MDT
1.,900E=-05,M0T

MOT

HOT

610
620
€30
€unp
(314
660
679
€80
€990
700
740
220
730
40
7¢0
760
70
780
790
200
810
30
830
840
50
860
870
280
890
200
<10
ced
930
€40
9E0
SED
<70
Sa0
990
1000
1010
1020
1030
10490
1056
10€0
1670
1060
1c¢0
1100
1110
1120
1120
1140
1150
11€0
1170
1180
1190
1200




Table Al. Listing of Fortran Code LOWTRAN 5 (Cont,)

3.500E40C, 2.50CE+0C,
2,100E-01, 8.500E-02,
€,000E-03, 1.800°-n72,
5,000E~04, 4.900E-0&,
6.000E-04, 6.700E-04,
643007 -06, 1,4005-07,
DATA(RH(L,T),I=1, 3u)/
9.1005+0C, 6.,0005+n0,
5.4U0E-01s 2.9005-01,
6.000E-07, 1.800°-03,
Se000E-CL,y 4.900E-D4,
6.00N0E-04y 6.700E=00,
6.300F-06, 1.4005-07,
DATA(WHIS, 1), 121, 34)/
1,200E400, 1.200€+00,
9,B00E-02, 5,4007-02,
2.600€-03, $,800°-03,
5S¢ 000E-Tty 4e3N0E-Db,
6.000E-0ky 6.700E~-0k,
€,300E-06, 1.4005-97,
DATA (WH(E,T), I=1, 24)/
5.900E+0U, 4.200E+00,
3,8006-01, 2.100F~01,
3,700E-03, 1.8003-03,
L 4OOE-Ob, 4ohOOE-Ol,y
6e100F~0b, 6,600F -0,
14 200E-05, 1+500E-07,
DATA(WO(1,10,1=1, 34}/
S.6005=05, 5.6005~05,
4,300E-05, 4,100F-0G,
4y 300E-05, 4,5007-35,
9,000E-05, 1.4005-0%,
3.400f-04, 3.6M0C-C4,
4, 5UDE=-Ub, 8.600E-08,
UATA(NO(2,1),1=1, 24}/
6,00DE-D%5, €,0007-05,
5.9N0E~05, 7,500E-05,
1,200F-04, 1.500E-04,
2.800E-04, 3,2005-04,
3.200E-04y T,0007-04,
4,200E-G6, 8,60CZ-2E,
DATA(HO (X, 1), 1=1, 34}/
6.000€-0%, 5,4067-)5,
B,4ODE-0E, 7,7005-5F,
2.600E-04, 3,0007-04,
Ly 100E-0by &, 3005-04,
3.600E-0uy Fou005 -0,
4.3005-06, 8,F00E-0F,
DATA(HC (4, 1)y I=1, 34)/
4,200E-05, 5,4N0E-0E,
7e1005-F5, 7,5P05-C5,
2.100E-06, 2,£007-04,
4o 10NE-04, 4,1005-D4,
2.8005~-04, 2.50DE-04,
4,3005-06, B.,60NE-08,
DATA(HO(S,1),1=1, T4)/
1 4.100E-(5, 4,1C0
2 % 900E=05, 7,10
3 4, 300E=0b, 4,70
4 6,2005~C6y 6,0007-04,

[ R0 BT U DN & w N [ MU PRV DV E N

TNE W

N NN - s LKV IR 7 B U

PV

1.80LE+DD,
3.600¢-02,
1.200€-03,
4, S00E~Cl,
3.6 00E-D4,
1.,000E~09,

4,Z00E+D0O,
1.,300€-01,
1.,000E-03,
&5 00E=-04,y
3.600E~04,
1.000E~09,

9.4 00€E-01,
1,1 00E~02,y
1.000€E~03,
4.500E~0k,
3.600E-04,
1,000E-09,

2.300€+00,
1,200E~01,
8.4 Q0E~D4,
Lot DOE~ 04,
3,8 00E~04,
1.0 00E~09,

5.4 00€E-05,
3.300E-05,
493 00E~US,
1.300€~04,
2.4 CCE~0l4,
4e300E~-11,

6400005,
7.3 00E=05,
1.6 0DE~04,
3.4 00E=04,
2.0 00E~04,
4,300E-41,

4L,900E~J5,
9.,000E~05,
34200€E-0b,
45 00E-04,
1.900E=~ 04,
4.300E~11,

S.600E-0F,
74300E=05,
243 00F-04,
3.9CCE-0k,
1,4 00E- 04,
4L,300E~11,

Le1 00E~05,
9.WOCE-DS,
4e300E=-Ch,y
5.600E-Qb,

1.200E+30,
1.600€-02,
7.600E-04,
S5«100E-04,
1.1006-04,
0, /

2.700E¢00,
4.200E~02,
7.600E-04,
Se 100E-04,
1.100€=0k,
0. /

6.600E-01,
B8e400E=03,y
74600E~04,
S+100E~04,
10 100E=04,
0. /

1.800E+00,
4.630E-02,
7.200E~04,
4. 800E-04,
1e600E~0k,
0. /

5¢100E~05,
2,900E-05,
4a700E-05,
2,400E=04,
9.200E~05,
0. /

6.200E=05,
8y 600£~05,
1.900E-0k,
3,600E-0h,
9.200€E~-05,
0. /

4,900E=05,
1, 200E- 04,
3.400E-04,
G4e3D0E~J4y
9.200E-95,
0. 7

5.,800E~-0F%,
1.,100E-C4,
3.200E-Gley
X, 600E-0&,
9,200E-05,
0. /

4e300E~05,
1.600E=0&,
S+600E=-08,
5.100E-04,

te 600E-01,
7.500E~-03,
6o 40CE-Qu,
S¢e10CE- 04,y
4¢ 200€-05,

1. 700€+00,
1.5N0E-02,
6+400E-04,y
S¢ 10CE =04,
4,300€-05,

4. 180E-01,
5¢500E-02
6o b DOE-0U,
Ce100E-04,
4o 300E-05,

1.100E+00,
1.800E-0¢,
€ed100E-Q4,
5.200E -0,y
€ MOE~Q%y

4a 7Q0E-05,
3,90GE-0Q5,
4o TOCE~0Q5,
2.800--04,
4s 1C0E-N5,

€s400E-QE,
% 00GE-05,
2+ 100E-Q4,
3. €00E-04,y
441C00E-05y

4,900E-05,
16 EOLE-OU,
Ze E00E-04,
4s300E~-Quy
Ly 100E-D5,y

€.000E-05,
14 30CE-D4,
344 OOE - fiby
2, Z0CE-Du,
4y 10LE-05,

4y 500E=05,
2+400E-04,
69 200E=0k,y
4,70CE-04,

3. 400E-01,M0T
6.900E-03,MOT
5,6006-04,M0T
5,400E=04,M0T
1.900E-05,H0T

HOT

HOT
1,000E¢00,HCT
9, 400E-03,MDT
S.600E=04,HDT
5.400E<04,40T
1.900E-05,MDT

MOT

HoT
2,000E-01,HDT
3.800E-02,M0T
5.B00E=04yH0T
5, 400E-04,MDT
1.900E-05,M0T

NDT

MOT
6.400E-01,MHDT
8.200E-03,M40T
5,200E=04,HDT
5.TO0E-04,HOT
3,200E-0%,HDT

MOT

MOT
4,500E=05,M0T
4.10CE-05,N0T
6.9uCE=05,NDT
3,200E-04,M0T
1.300E-05,MDT

HOT

NDT
6.600E~-05,M0T
1,100E=04,H0T
2,400E=04,HDT
3,400E-04,MOT
1.300E-05,M0T

MDY

MoT
5.800E~05,M0T
2,100E-04,M0T
3.900E-04,MDT
3.900E-04,MOT
1,300E~05,H0T

HOT

MOT
6.4D0E=0C,dCT
1.800E-04,MDT
3.900E-04,MDT
3.0006-04,MDT
1.300E-054MDT

HOT

HOT
4 7TDOE=05,MDT
3.200E-04,M0T
6y 200E=0&,MDT
4.300E=04,MDT

1210
1z20
12130
1e40
12%0
12€0
1270
1280
1290
1260
1210
1320
122

1340
1350
1360
127¢
1280
1390
1400
1410
14 20
1430
1440
1450
14 €0
1470
1480
1490
1500
1510
1520
1530
15440
1550
1E€0
1570
i5 ¢80
1590
1600
1610
1€20
1630
1640
1650
1E€0Q
1670
1€ €0
1€€0
17¢0
1710
1720
1730
1740
1750
17€0
177¢
1780
17¢€0
i8 (0
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Table Al,

Listing of ¥Fortran Co'e LOWTRAN

5 (Cont,)

[}

S 3.6005-04, 3,2005-04,
€ 4e300E-06, B,600%-08,
DATA(HO(641)yI=1y 34}/

O A L N

S5e400E~05, S.400E-05,
4+500E-05, 4.9002Z-85,
1.600E-04, 1.700E-04,
3,200€E-04, 3.5Q00E-04,
3.600E-04,
4s000E-C6, 8,6005=03,

3.4005-04,

1.5 00E=-04,
4 300E-11,

S.4 00E-05,
S.200E-05,
1.900E-04,y
3.,800E~04,y
240 00E =04,y
4s300E-14y

HMIX(I)=FNOZ VOLUME MIXIN> RATIOS
DATA HMIX/9%0,;0,1,047390.8,0.2,1009806y808,514992.99221924393.0,3.407
17)402954296,0,308920640422,6%060/
OATA (VSB(KKK) yXKK=1359) /234 55¢923015035¢950¢ 792303002,0,5/ MOT
Z7yHZ(2)/710H RURNL /,

DATA HZ(1)710H
1HZ(3)/10H MARITIME /,HZ (&) /10H MARITIME /,H2(5)/10H

URAL

9.200E=05, &,1N0E~-05,
Do Y

5.000€-05, 4,€ECPE-0S,
7«1 00E-05y %,000E~05,
Ce100E~0%y 24490E-04,
3.800E~0h) 3.90GE~-84,
1,100E=-0%) 4.900E-05,
0. /

TIMES £+9 FRCM EVANS

1. 300E=0%,MDT

HDT

MOT
42 60CE-0%,MDT
14 300E=UK,MOT
2.800E-04,MCT
3. 800E~04,H0T
1.700E-05,M0T

HOT
PROFILE K0T

MDT

MOT

URBAN /, MDT

2HZ(6) /1 OHTRGPCSPHFR/ 4 HZ (7) /10HUSER DEFIN/,H2 (8} 710HFQGL (ADV)/, MoT
IHZ(9) 71IUFOG2 (RED)/

5 yHZ(151 /710K MET DUST
OATA SEASN(1)710HSPRIG SUMM/,SEASN(2) /10HFALL WINTR/
DATA VULCN(1)/1NHSTRAT BKGR/,VULCN(2) /10HAG VO-MODVO/,

1VULCNI(3)/10HFR VO~HIVO/ ,VULCN (&) /1 0HAG VO-HIVO/,VULCN(5) /10HFR VOQ-MOT

4 HZ(10Y /101 BACK STRA/,HZ(11)710H AGED VOL /,HZ(12)/10KFRESH VoL /MDT
4 MO

2M0V0/

HMIX(29)=1,CE~S0
HMIX(9) =HMIX(2D

HZ(13)

=H7(11)

HZ (143¥=HZ (12)

RETURN
END

MOT

MDT
MDY

NMDT
KDY
MOT
norv
MDT
M0T
HOT

1810
1820
1830
1840
18¢€0
1860
1870
1880
1890
1900
1910
1920
1928
1840
1650
1960
1970
1€80

T 1¢¢0

2000
2019
2020
2030
2040
2050
20€0
e2e7e
2080
2090
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont.)

SUBRCUTINE ASPOL NSM 10 -
c NSM  Zu *
¢ USED FOR USER DEFINZO ATMOSPHERIC MODELS (MODEL=g OF 7) NSM 20 k-
c OEFINES ALTITUNE JEPENOENT VARIAALES 7,F,T,HH,HC ANC HAZE NSH 40
c LOAQS HAZf INTO AOPRQPRATE EHM LOCATION NSHM S0
c . NSH €0 :
COMMON /CART1¢ MODEL s THAZI , TTYPE ,LEN: JP,T¥, M1,M2,M3, MLy LEMISS,R0 NSH 70 o
1 ,TBOUND, ISEASN, TVULCN, VIS NSH B0 S8
COMMON /CAREZ/ H1,H2 ,8NGLI ,RANGEEETA ,HMIN,RE NSM 0 :
COMMON /CARNI/ V1,V7,0V,AVN,CO,CH, H{15) ,E(15),CA,F] NSHM 100 i~
COMMON FCWTRL/ LENST yKMAX, My1d,01,J2,JMIN,JEXTRA,TL, IKNAX,NLL,NFL MSH 140 ]
1, IFING, NL, TKLO MSH 120
COMHON /MDATA/ Z(TW) 4P 7,34) 3 T(?,24) ,HH(7,34) MO (7,24) NSN 120
1 ySEASN(2) , VULCN(5),VSB (9) s HZ (154 HMIX (34) NSM 140
COMMON RELHUM{34) , HSTOR(34) EH(15534) 5 TCH (&) yYH(15) ) TX(L5) NSM 150
COMMON HLAY (I4y15) yWPATH(68,15) ,TBEY(68) NSH 1690
COMMON ARSC (4,a0), EXTO (433 0), VX2(40) NSH 170
FUAY=EXP(18,97h6-14s G595 -2, 43882 ¥A%A) *A NSHM 180
RV=6,6150E-3 NSH 190
T0=273.15 NSM 200
IC1=1 NSK 210
N=7 NSM  ZZ0
LFCIVULCNLLE. ) IVULCN=1 NSM 230
IF(ISEASN,LE,0) ISEASN=t NSH  ZuD
c FOR MODEL €6 ZERD NSM 250
THA1=D NSM 260
ISEA1=0 NSH 270 .
IWLL=0 NSM 2o N
VISi=0. NSk za0
AHAZE=0. NSM (0
¢ END OF MCCEL 7ERO DEFAULY NSH 230
IF (M,NZ,p) PRINT 10¢ NSH 220
DO 65 K=1,ML NSH 320 3
AHOL=104 NSH 34D A
AHOL1=1(K NSH 1t
5HOL2=10H NSH 360 X
AHOLX=10H NSH 370
IF (MeFQ.0) RFAD E5, H1sPI7,1)5THF,DP,RHyKH(7,K)NO(T,K) ,RANGE  NSM 280 '
IF (MsE%.0) PRINT 90, H142(7y1) yTMFyOPyRHyHH (T, K)4HC (74K} yRANGE NSH 390 1
IF (M,GT,0) READ 8N, 7(K),P(7,K),TMP,OP,RHyHBE(7 K], KO(7, K}, AHAZE, YNSH 400 N
LIS1, THAL, TSESL,TVILL NSM 410 e -
IF (M,£0,0) 7(Kyziy NSH  wi0 :
PRINT 95, Z(K)4P(7,K),THMP, OP)RH, HH{7,K) yHW0(74K) yAHAZE,VIS1,IHAL,ISNSH &20
1EAL, TVULE NSK 440
C IHA1 IS THAZE FOR THIS LAYER NSM 450
¢ ISEAL IS ISEASN FIR THIS LAYER NSM  LED
c IVULL IS IVUWEN ©3R TUE LAYER NS¥ 470
IF(ISE81,70,0) ISIp1=TSEASN NSH 4e#p
IFCIHAL.6T 4 D.OR, TVULE.GTV)) GO TO 10 NSH 490 ]
ITYAER=THAZE NSK  £00 i)
TF (Z(K)4GT,2.0) ITYAER=6 NSH 510
IF (7 (K31 4GT.%.0) TTIYALR=IVULON+9 NSH £l
IF (7(K),GT.3%.) ITYATR=LS NSM €20 ;
IHA1=IHA7E NSH 540 i3
IVUL1=TVULCH NSK S€0
GO To 15 NSM  E€)
1 IFCIVULL.GT, M) TTYAER=TVULL ¢+ NSH S70
TF(IMAL,GT. ) ITYAER=THAL NSH 580
IFCITYRER.GT,15) ITYACR=15 NSH S9C
IF(IHAL,LF. ) IHAL=THAZE NSH E0D

157




s e

Table Al. lL.isting of Fortran Code LOWTRAN 5 (Cont.)

17

15

20

?6

30

35

4o

4us

IFCIVULLLLS.C) IVULLI=IVULIN

IF (K.€7,1) GC TO 2"

IF(NLEQ. 7, AND,ITYAER ,EQ b, ANDL7(K)4G6To2,0) 6C TC 17
IfF (ITYAER.EN,TCH(TIL 1)) GO TO 20

IC1=TC1+1

N=IC1+10

IF (IC1,LE.b4) GO Ty 2n

IC1=t

N=14

ITYAER=ICH(ICY)

ICH{IC1)=ITYAER

J=IFIXNCT(K) +1,LE=-3) ¢

IF (ZAH)aGF 126400 J{7(K)=25.0)/5.0426.

IF (2(X) . GE.SCe0) J(7(KI-5L,00/20.0¢+ 28,

IF (ZCK1465.7Cef) J(7(K)=70,00/30.04232,

IF {J.GT,23) g=1%

FAC=7(K)-FLCAT (J-1)

IF (JeLT,26) GO TY 2%
FAC=(7(X)~5.0%FLOAT(J=26)-75,)/5,

IF (JaG5.,31) FAC=(ZIK)-50,G)/ 20,

IF (Ja(F422) FAC=(7(K)})=T70.0)/30,

IF (FAC.GT.1.0) FAC=1,0

L=d+1

T(7,K)=THF+TD

IF (ML, AT, 0) FU7,K)=P(M1,J)¥(P(KL,L)/PIN1)J)) **FLC
IF AM1.67.0) T(7,K)=T(M1,J)%(T(M1,L)/T(HL,J))**FAC
IF (M2.GT.0) WHLT,K)=HHINZ,J) ¥*(WH{M2yL) /7HH{MZ,J) ) **FAC
IF (WH(?7,K).GT,0.%) GO TO 25

IF (RH.GY,R.0) GO 1O 3p

CPK=TO+NP

TT=T0/0PK

WH(7,K)SDFK*F (TTYI/ T{7,K)

GO To 35

TA=T0/T(7,K)

RHSAT=F(TA)

RHD=4 01*RH
ONz(140-¢1,C~RHDY*RHSAT*RV*T(7,K) /P(7,K))
HHL7,K) =RHSAT*RHO/DN

CONT INUF

IF (M3.GT,.0) WOUT7,1) =HO (M3, ) *(HO(MZ,L) /WNC(MILJ)I**FAC
HSTOR (K) =1,

IF (HMIXY()) LLE,0.) +~C TO 40

IF (HMIX(L).LE.C.) G6C TO %0
HSTOR({KI=HMIYAJ) $(UMTIX (L) /HMIX(J) ) **FAC
CCNTINUE

EH(7,K}=0.

EH(12,K) =9,

EH{LX,K) =",

EH(1L,KY=D,

EH(1%,K) =C,

IF{IHA7Z,EQ,0) GO Tn &0

IF (VIS1.LE.0.0) VIS1=VIS

IF (AAR7F (S0, Cal) GU YO u»

EH{N, K} =AHA7E

AHAZE IS TN LOWTPAN NUMPER CENSITY UNITS

60 TC 5%

CALL AEPPRF (J,VTS1,HAZ1,IHAL ,ISEAL, IVULL ,,NN)
CALL ASOPRF (L,VIS1,HAZZ,IHAL,ISEAL,IVULL,NN)
HAZE=D.

IF ((HAT1,LE.P,N),0R, (HAZ2 LEWC40)) GO TQ 50

NSH
NS N
NSHM
NSH
NS K
NS¥
NSH
NSHM
NSHM
NSH
NSH
NS M
NSH
NSH
NSH
NSM
NSH
NSH
NSH
NS ¥
NSM
NSH
NSH
NSM
NSH
NSHM
NSH
NSHM
NSM
NSM
NSH
NSH
NSM
NSHM
NSM
NSH
NEH
NS H
NS M
NSM
NS
NSH
NSH
NSM
NEM
NSH™
NSH
NSH
NSHM
NSM
NSH
NSH
NSH
NSH
NSH
HSHM
NSH
NSH
NS¥
NS M

€10
€20
€10
[ X 1)
€S0
€el
€70
6080
€90
a0
710
720
120
740
750
760
770
780
790
£00
810
220
810
840
(111
360
87¢0
een
890
S00
2190
cag
€20
940
c€EC
CEQ
s70
980
<co
ilce
1010
1020
10230
1640
1050
1060
1370
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
11y
11¢0
1200
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e e e

HAZE=HAZ4 " (FA22/HA 21 ) **FAS NSH

50 EH(N,K) =HATE NSHM
55 AHOL=MZ(ITYAEFR) NSH
IF (AHBTE.NE.Cs) GO TO €0 NSN

IF (Z(KY.LE.2.0) AHOL1=YZ(IHAL) NSH

IF ((ZC0K)aGTa240), BN (Z7(C)LEL30.)) AHCL2=SEASNIISEAL) NS M

IF (Z{X)4G67.9.9 AHIL T=W_CNCIWLY) NSH

50 PRINT 95, 7K} PUT7,K);T(7,K)0P,RF,HH{7,K) HO(7 4K} EF(NsK) VIS, IFNSHK
1A1, ISEAL ,TVULL, ITYAER,AHOL 1,AHOL 2, AHOL 3y AHOL NSM™
65 CONTINUE NSH
IfF (IC1.LT.4) GU TO 75 NSH
IC2=1C1 +1 NSH

00 70 X=ICZ44 NSH

70 ICH(K)I=TCH(K-1) NSM
75 CONTINUE NSH
RETUFN NSH

c NSM
80 FORMAT (2F10,2,?F5.4,2E10,3,E10.2,F7.3,311) NSH
85 FORHAY (3F10,2,2F5,1,%E10,3,2F10,3) NSH

90 FORMAT (17X,26HINPUT HMETEOROULGGICAL DATAN/Z10X,2H2=24F742,7H Ky P=,NSM
1F7.2,6H MR, T=,F5,1,15% €, DEW PTLTEMP,F5.1,17H C, REL HUMIDITY=,FENSH
2415 16H %; H20 DENSTTY=,1P59,2,7H GM M=3/10X,15H OZONE DENSITY=,EQ.NSM
32,16H GM M=, RENGE=,0FF10+394H KM ) NSH

95 FORMAT (3F10, 3,2FS¢1,3E1003,F10,3,413,4(1XA100) NSM

100 FORMAT (2uH MODEL BTHOSPHERE NOs 7,/4X,6HZ (KM) y3X ,6HP (MB) ,4X,4INSH
1HT (C) DEM PT 7RH H20(GM.M~=3) D3I (GMcM=2) NO. DEhe, 30X, 15HAEROSCL NSM

2PROFILE, 68Xy ICHEXTINCTION) NSM
ENC HSH
t
159
2 & - . R R L

1210
1¢20
1230
1240
1250
1260
1z7¢
1280
1290
1360
1310
1320
1230
1340
1350
13€0
1370
13¢e0
1390
1440
1410
1420
1430
1440
1450
1460
1670
1480
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OO

10

3 Xz Xz kzks)

1

1
1

SUBROUTINF pPRQF
REVISED 12 CEC 1979
DEF INES THE ATMOSPHTRIC DI NSITY PROFILE OF THE PCLECULAR AND
BEROSOL AMIUNTS 0D® THE MODEL SELECTED

COMMON /CRRDL1/ MCIEL, THAZZI, ITYPE,LEN, JP, IM,M1,M2,M3,ML,IEMISS,RO
» TBOUND, TSEASN, IVULCN, VIS

COMMON /CARLC2/ H1,H2,ANGLT ,PANGE,BETA, KrIN,RE

COMMON /CARC3/ Y4,V2,0V,AVH,CO,CH,H{15) ,E(15),CA,P]

COMMON /CNTRL/ LFENST ZKMAXy My IJydiyJ2y JMIN,JEXTRA,IL, IKMAX,NLL,NF1

yIFIND,NL,IKLO
COMMON SMOATAZ 7Q34) 4P (7,54),TU7,34) ,HH (7,34} ,H0O(7,24)
»SEBSN(2Y, VULCN(S ), VSB(9) yHZ (15) ,HHIX(34)
COMMON RELHUM{34) s HSTOR(3%) ,EH(15,34) , ICH(4) ,VH (415) ,TX(15)
COMMON HLAY (34,15) JHPATHIEA,45),TERY{ES)
COMMON ABSC (L 40),EXTO (4, 00),VX2{40)
FILA)=EXP{18,976h-14, AHQ5%A-2,4L3882A%A)"A
DO 5 T=1, 1%
00 S J=1,KipX
WLAY (I, J)=0,
RV = H20 6nS CONSTANTY
AVH=0.5C~L" (Vi+V?)
AVH=AVN*B VR
CO=TT. 464, 59" AVH
CHz U3, G870, X4U7IRAVH
IF(TROUND.LELCLANN L {HM1.LE, 0.0RM,EQ,7))TROUND=T (M,1)
IF {TEOUNDGLE, NeAND.M1.GTo0sANDaMoLT.7) THOUND=T (M1, 1)
IF (JP.EQ.0) PRINT kS
IF (JP.EQ.0) PRINT 50
IF (WM,LT.7) ML=NL
RV=4.6150F~1
00 25 I=1,ML
AS=P(M,T) /1013, ¢
TS=273.15/TMM,; D
ATEMP=HWH (M, ])
IF(HL.GT 0. ANP . M.LT. 7)PS=2 (ML,1)/71013,
IF(ML1.GT 04 ANCaMeL To7) TS=273.15/T(ML,I)
IF(M2,GT o 0. AND M LT, 7) NTZIMP=WH{H2,])
RELHUM(I =0,
IF (Z(I).GT.2.00 S0 Tn 10
RHOSTR= (PS*1013. 01 (TS7273.15)/RV
RELHUM(T)=1{Ce P ENTIMP/F(TS)) *((RHOSTR=F(TS) )/ (RHOSTR=NTEMP))
0=0.1*HTEMP
XzPS*TS
PT=PS*SORT(TS)
EH(1,1)=C"*FT*20, 09
EH( 2, 1) =X*2T®¥), 75
EH(4,I)=0,8%FTHX
PPH=L,56E~5%04277,45 /TS
TS1=(296, 0/ 272.15)*TS
EH{D) 1} =0PPH*EX (6, 0°*(T51-1,0)2+0,002*0%{PS~PFH)
EH(40,1) =D* (PFH+0, 12¥ {PS-PPIN I*EXP (L2 56* (TS1-1.0))
EHI{6,I)=X
SUBROUTINF AFESPRF COMPUTES EH(T,I)
EH(7 411=BETRI0OL FO° 0=-2KM
EH(12,I)=AEFRSOL FOR ?7-9Kv
EH(13,T)=2ERSCL FNR 2-30K4
EH(14,I)=ASRSCL FOP I0=10NKHE
IF (M.NF.7) CALL BFfRPRF (I, VIS,RAZE,IHAZE,ISEASN, IVULCN, N}
IF (M.EC.7) GO TO 1F

160

HFR
HFR
HPR
HPR
HPR
HPR
NFER
HPR
HP K
HPR
HPR
HPR
HFR
HPR
HPR
HP R
HPR
HPR
HFR
HFR
KPR
HPR
HP K
HPR
HPR
HPR
HPR
HPR
HFR
HPR
HPR
HPR
HPR
HPR
HPR
HPR
HPR
HPR
HPR
HP R
HPE
HP R
HFR
HF &
HPR
HPR
HPR
HPR
HPR
HPR
HFR
HFR
HPR
HPR
HPR
HPR
HPR
HF R
HFR
HF &

10
29
20
&0
50

70
20

100
110
120
130

38C
290
400
410
Leg
410
440
450
460
70
480
4<0
€60
510
520
s30
540
550
560
570
cee
<0

€00
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G

EH(7,I¥=0, HFR
EH(12,1Y =0, HPR
EH({3,1)=0, HPR
EH(lu, Y =P, HPR
EH(15,T) =0, HPR
EH(NgI}=HAZE HPR

1% CONTINUE HPR
EH(15,1)=RELHUM{TDI®SH(7,]) HPR
IF(ICHTL) 6T« 7YERTI 15, T)=RELHUMII) *EH{12,1) HPR
EH(B 1) =46, EEET NI (M, T) HPR

IF (MIWGTeNANDMLTa7) EA(R,yI)=HE.CHTH*HO MM, T) HPR
EHIZ,I) 2EH( 2, T)"PTR* 0,4 HPR
EH(11,I)=HNOY ABSIRARE® AMDUNT (ATM-CN) /Ki NPR
EH(11,1) =PS*TS*HMIX(I) *1,0€-04 HPR

IF (MeFQaTY ER(11, I)=FS*TS*HSTOR(I)*1.0E~0d HPR
EHIG, 1) =140 KPR
REF=1,.JE-E* (CO*X"1013,0/27 3,15-PPH*CH) HPR

IF (I,EQ,ML) GO YO 20 - HFR
P2=P(H,T41) HPR
T2=T(M,1+1) HFR
WZ=WH (M, T+1) HPR
IFAML,GT, 0. ANCoM,LT.T7) F2sP(M1,I41) HPR

IF (M1, GT, 0, AND, My LT,7) T2=T(ML,T+1) HPR

IF (M2,GT 0 ANDaM LY. 7) W2Z=WHIMZ,141) HPR
FPH=4 SHE-E*H2*T2 HFR
EH(Ss11=0,5P(REFHL (CE-6%(S0%P2/T2-PPu*C W)} HPR

20 IF (I.EQ ML) EH{O,I}¥=N, HPR
IF (JPGNE,0) GO TD 25 HFR
PL=P (M, T) HPR
T1=T (M, T} HPR
IF(ML1GTsUANCoHLT,7) PL=P (M1, ]} HFR

IF (M1 GT 0. ANCHLLT.7) T1=T (M1, D) HFER
PRINT 434 T,7(I) 421, TL,(EHIK,;1))K=21,6),EH(3,I),E+(B,]) HHR

25 CONTINUE . HPR
IF(JP.EN.0) NRITE (6,55) HMPR

DO 35 I=1,ML MFR

IF (JP.NE,D) GO TO X0 HPR
P1=P (M, I) HPR
T1zT(M, 1) HPR
IF(MLeGT.C L ANC.M.LT,7) PL=P(M1,T) HPR
IF(ML1.GTA0 ANC . M,LT, 7} TL1=TI(M1,1) HPR
PRINT 40y T3Z(1)4P1,TY, (EH(KsTI)sK210,11)9ERITI) s (ELIKy»1)9K=12,15)HPR

1 RELHUHIIY HPR
30 EM(9, 1I=EH(C, IV ¢1, HPR
35 CONTINUE HPR
RETURN HPR
HPR

80 FORMAT (TuyNPFI.2,F9.%,F93,1X,1P8E10.3) HPR
45 FORMAT (1M1,//710X,20H MORIZONTAL PROFILES/) HPR

S0 FORMAT (LM IC,5X, THALT 46X , 4HP 8X ; 1HT , 8X, IHH20, EX, 4 HCO2 +, 8%, 2HOX,BHFR
1X ) ZHNZ SNy BFHZOC(ITH) 9 4 Xy 4 MOL S5 Xy SHIN=1) s 4}y GHOT(UVI) HPR

65 FORMAT (1M14///710%220H HORIZONTAL PROFILES/, L}

IC,EX,3HAL T, EX, Lt FFHPR

138X LHY X, THH2) (UM) 5 EX 4HHNO 2y 6Xy 4HAE R1y GXy 4HAE RZ y6 X L HAERS 46X, UHHPR
HFR
HFR

2AERL, IX, QH(AERLI¥RH) 4 5 Xy ZHRH)
END

€19

a3
S&0
950
96t
L 241]
980
990
1000
1010
1920
1030
1040
1050
1060
1070
1080
1090
1100
1110
11¢0
1120
1340
1190




Table Al. Listing of Fortran Code LOWTRAN 5 (Cont,)

S

10

15

20

25

30

15

40
Le
50

55

60
65
70

75

80

SUBROUTINE AERPRF (Y sVIS,HAZE,IHAZE,ISEASN) IVULCA,N) AER
WItL COMPUTE HORIZONTAL PROFILES FOR AEROSOLS AEFR
COMMON/PRFDTA/7HT (XW) g HI2K (T4 45) , FANIGO (34) 4 FAWI 230 2&),SPSUSO (34 ),AER
1SPSUZICTL) yEBASTFH(IUW) , VUMIFNI3L) , HIVUF W{34) ,EXVUFR(T4), BASTSS(34),AER

2VUMOSS(26) yHIVUSSO ) 4 EXVISS(34) ,UPNATM(34) ,VUTONO( L), AEK
ZVUTOEX(T4) ,EXUPAT(L) AER
DIMENSION VS(*) A ER
CATA (VS(J)3J=1,5) /504,23 y10035er2s/ AER
HazE=0, AEF
CALL PRFQTA AER
N=7 AER
IF (IHR7E,€r,0) RETURN AER
IF (ZHT(I).CT.2,0) GO TO &5 AER
nQ 5 J=3,F AER
IF (VIS.GELVS(JIY RO TO 10 AER
CONTINUE AER
J=5 AER
CONST=1./701./VST{UY =1 ./7YS(J-1)) AEK
HAZE=CONST® ((HZ2K{I,J) -HI2K(I,J-21))/VIS+HZ2K (I, J=1)/VSIJ)=HZ2K{] ,JAER
1}/vStJ-10 AER
RETURN AER
IF (ZHT(I11.67,%48) GO TO 35 RER
N=12 AER
CONST=1./711, 723 -1./5".) AER
IF (ISEASN.CT.1) GO YO 25 AER
IF (VIS,LF.Z23.) HBZF=SPSU23t(I) AER
IF (VIS4LEeZ23.) PETUPN AEK
IF {ZHT(I}.G6V.64.0) &0 TO 20 AER
HAZE=CONST®L(SPSU22(I)-3PSUSO (1)) /VIS+SPSUSO (1) 72%.-SFSU23(1)/50.)AER
RETURN AER
HAZE=SPRUSD (1) AER
RETURN AER
IF (VIS L®4C3e) HAZE=FAWI23(I) AER
IF (VIS.LE«?T.) RETURN AER
IF (ZHT(I).CT,4.0) 0 TO 30 AER
HAZE=CONST*({FARIZ23I{(I) -FANIEO0(I)) /VIS+FANIS0(I) /23, ~-FANTI23(1)/504)AER
RETURN AER
HAZE=FAWIRO0(I) AE K
RETUFRN AER
IF (ZHT(1).GT430,0) GO TO 7% AER
N=13 AER
HAZE=PASTSS (1) AER
IF (ISEASN.GT.1) 50 TN 55 AER
IF (IVULCN.FQ.D) HA2E=BASTSS(D) AER
IF (IVULCN.EQ.D) RETURN AER
GO TO (B0,45,50:,%0,45), IVULCN AER
HAZE=BASTSS(I) AER
RETURN AER
HAZE=VUMQOSS(I) AER
RETURN AE f
HAZE=HIVUSS (I) AER
RETURN AER
IF {TVULCN+FD.0) HAZTE=HASTENWLI) AER
IF (IVULCN.EC.N) RETURN AER
GO TO (B60,65,70,71466), IVULCN AER
HATE=RASTFW(I) AER
RETURN AER
HAZE=VUMOFH(T) AER
RETURN AEF
HAZE=HIVUFNID) AER
RE TURN AER
N= 14 AER
IF {IVULCN.{T.4} GO TO &0 AER
HAZE=UPNATM(I) AER
RETUFRN AER
HAZE=VUTONO(T) AER
RETURN AER
END AER

162
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10
0

40

50

€0

70

80

P
160
110
120
119
140
150
1€0
1790
180
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200
210
220
230
e4C
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260
270
2en
290

420
440
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462
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€10
€2
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[aXalal

SLERCLTIINE FRFCTA
REVISEL 1€ JUNE 1S¢0
AERCSOL FRCFILE CATE

CCMMCAN/PRFCTA/2FT ALY F22KE34y5) oFARICOU3L) (FAPICIA(IL)SPSUSLILILY,
ISFSUZ(30) qESSTFR(3L), VLMCFRE34) o IVLERU3G) JEXVLFRC24) JEASTSSE(34),
SNLFCSS (T4 bIVLSSHIL)LERVLESTIL) ZLFNATEC2H) ,WLICAC (24,
BVUICEX (3LY LEXLFLT (3L

CRIACZETCLY 4124, 34D/

b Do 14, 24y 3o Yoy Sy €y Taey Eoy
* S 104, 11, 124, 13«9 14ey 1f4y 1€4, 1749
hd 18 ¢ 1€ 0y 214y ZCe Zla Z&ay 2% ¢y 30ey
hs .y 4Ba s ['3-IY 50y TGey 106eycCcCC,ys

CATA € HZ22kU 1,1) ,I= 1, €))7
1 €,€2€-02y 14S2E-01,y 3.79E-01, 7.70E-01, 1.S4E4(G/
CATA ( HZZKU go1) I= 14 S}/
1 G 15E-02y S2S1E-(Zy Jo79E=01y 7e70LE~C1y 14SCECLLY
DATA { BZ2kE 2,1V ,T= 1, E£)/
1 z.EGE-02, €.(IE-{2,y 6.21E~02y E,21E~CCy €E.21E-C2/
CATACGFAWISOCI),1= 4, 10)/
1 §e14E=02, €ebE-0Ty 4al85F-03y 24E4E-02y CoI1E-(2y 14LiE-02y
Z S.80E-C4/
CAVACFAWNI23 LTI )1 &y 103/
1 2.72E-02, 1.:0E-(2, 4.E5E=-03, I SGE-03, Z.31E-(2, 1.41E-02,
C CJEDE~04/
CATACSFSUSELI D)1= &, 10}/
1 1,4€E-02y 14C2E=(2y 9e21E=03y 771E-03, €.23E-(2y
2 1,82E-03/
DETACSFSU23iTdedxs &y 100/
1 2.4EE-02, 1.E5E=(2y 9.31E=-02y 7.71E-02, €.22E-(3, 3.27E-03,
2 1.828-037
DATACEASTFR I 1= 11,y 270/
1 7.87E-0ky ToJUE-ClUy 6o €4E~DU, €.CZIE-04, E,4EE-(4, ELUIE-04,
2 fJ.u1E=0b4, €.E0F-(lby Sa€2E-04, 4+S1E-04, 4.23E-L4, 2.52E-04,
3 z.95€E-04, calcf=ll,y 1.S0E=-04, 1.ECE-04, 3,3CE-(E/
CETA(VLMOFkiTde]= 11, 27)/
1 1.28E-03y 1e7SE-(3y 24C1E-03y 2475E-03, 2,ECE-CI, Z.S2E-02,
Z Tel13E~03, ZoLEE-(3y 2.10€~-03,y 1.73E-C2y 1.IEE-L2y 1.(%E~-03,
1 B,E0E-04,y ELEOE~Chy Soe15E-D4y 4 0%E-Ch,y 7.€CE-(E/
CATAGFIVLFREI) 1= 11, 27}/
1 1,71€-03, Ze21E-(2y 3425E~02,y 4+5¢€-02, ¢.LCE-C3, 7.£1E-03,
Z €e42E=03, 31407€-02y 1e10E-02y 8 FCE-0Y, ESoJCE-L2y, Zo7CE-02,
1 1,4EE-03y EoCLE-(4y SeEOE-Ok4y waOSE~Quy 7.€LE-(5/
DATALEXVUF R (T )e1= 14, 27)/
1 1,734¢-03, Zz.23¢-(3, 3.25E-03, 4,.52E-03, €.40E-T3, 1.C01E-02,
2 te35E-02y €41UE-029 1eCGEk-Uly & .0CE-0C, S.3EE-{23, Z.13E-03,
2 1.4EE~03,y ELS0E-0ky SoB0E~-D4y 4o CGE-OUy 74€ELE-(S/
DATACBASTSS(I)+I= 11, 2N)/
1 1.14E-03, 7.5CE=Clhy Gab1b-04, E 17E-04, L LZE-(4y, 2.SCE~04,
2 1.82FE-Q0bL, G.Z5E-Ch, S5.20E~D4, E.B1E-C4 I-Cly So0ZE~OU,
3 L,20E~0ky A4COE~Ob4y 1oG8E~04y 1,31E~0u, 3I,.12E-LE/
DATACVLMOSS(I)41= §1y 27}/
1 1.86€E-03, ¢e1ZE=(3y 2a45E~03y 2.ECE~CGIy CaESE-(3, ZuSCE-03,
7 2473E~03y tolEE-(3, 2.10E~-03, 1.74E-03, 1,35€E-(3, 1.0G8€E-03,
3 8.60FE-0lUy € EOE=-Cly So15E=04y 4 CCE-04, T7.E6E-(E/
DATACHIVUSSHIV,)= 11, 27)/
1 1.805E=03, €¢12E-03, 2+45E~03, 2.80E-02, 2.ECE-L(3, S.22E-03,
2 8,11E~03, 1.¢UE=C2Z¢ 152E~02y 1+53E-02y 1.17E=-(2y 74(SE-02,
2 G GS0E=03y ZakNE-034 1.28E-C2y 747€E-CUy 7.€CE~(E/
CATALEXVULSSITY, 1= 11, 27D/

u
.

Y
-

E-02,

163

FRF
FRF
ERF
ERF
FRF
FRF
FRF
FFF
FFF
FRF
FFF
FRF
FEE
FRF
FRF
FFF
FRF
FRF
FFF
€FF
FRF
FRE
1313
FRF
£RF

FFF
FRF

FRF
FRF
FRF
£RF
FRF
FRF
ERF
FRF
FFF
£RF
£RF
FRF
FRF
FRF
FRF
FRF
FRF
ERF
FFF
FRF
FRF
ERF
FRF
FRF
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1 1,85E=07, Z,12F-03, 2,455-03, 2.80E-0%, 3,60E-03, 5,23E-03, PRF €10 I
2 8.41E-03, 1.27E-02, 7,32E-02, 4.85E~02, 1.006-01, 5.50E-02, PRF 620 :
3 6,10E-07, 2,u0E-07, 1,28E-03, ?.76E~(4, 7,606=05/ PRE €20 i
DATA(UPNATM({I},I= 27, 3u4)/ PRF €40 [
1 3.32E-95, 1.ELF-DS, 7.99E-06, 4.G1E-(6, 2,10E-0€, 1.€0E-07, PRF €50 !
2 90 ME-13, ", / PRF 660 .
DATA(VUTONOt),1= 27, 3u)/ PRF €70
1 7460E-05, 2,45E-0S, 7,992-=06y 4e01E~CH, Zo10E-06, 1.60E-07, PRF €80 )
2 9431E-10y 0, 4 PRF 690 ;
DATA(VUTOEX({I)I= 27, 34}/ PRF 700 . .
1 7460E-05, T,20F-05, 6.956£-05, 6.60E~05, S.04E-05, 14(3E-05, PRF 710 , .
Z 4.50E=07y 0. ’ PRF 720 !
DATA(EXUPAT(I),T= 27, 341/ PRF 730
1 3.32E-05, 4,25F=15, 5,59E-05, 5,605=05, S,04E-05, 1,03E=05, PRF 740
Z L,SOE-07, 0. / PRF 750 k.
ccc LEXd ¢ ] PRF 7€0 &
[ o o 54 HZ22K=5 VIS PROFILES- SOKM;23KM 410KM, EKM 5 2KN PRF 770 ,"
ccC » 20K N PRF 720
cce FAMISC=FALL/WINTER SCKM VIS PRF 790
cCce FAWNIZ2I=FALL/HINTER 23KM VIS PRF 800 !
cce SPSLEO=SPRING/SUMYER SO0KM VIS PRF 810 -
cce SPSU23=SPRING/SUMMER 23KM VIS PRF 820 ]
cce >9-2NKM PRF 810
cce RASTF k=AAZKGROUND STRATOSPHERIC FALL/WINTER PRF B840 X
cce VUMCFW=MOPFRATE VOLCANIC FALL/WINIER PRF 8% ;.
cce HIVUEW=H IGH VOLCANIC FALL/NINTER PRF  8€0 y
CCC EXVUFWZEXTREMF VOLCANIC FALL/ WINTER PRF 870
cCeo BASTSS,VUM0S5,HIVJSSy EXVUSS= SPRING/SUFMER PRF 880
cce >30-10MKM PRF  8¢p
cce UFNATF=MORMAL UFPER ATMCSFHERIC PRF <00 '
tce VUTCNC=TRANSITION FROM VOLCANIC TC NCRMAL PRF  ¢10
cCC VUTCEX=TRANSTITION FROM VOLCANTC TC EXTRERMF PRF A3 ]
[ FXUFAT=EXTRFME UPTFR ATMOSPHERIC PRF 930
CCC READ IN BERCSCL MUDELS EXTINCYION ANO AHSORPY ION GUEFFICLENIS PR =40 t
RETURN PRF 950 i i
END PRF  9¢)
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DOTNOO

190

15

20

25

o
o

1

1

1

SUBRDUTTNE GEC

SOHERICAL GTOMETRY WITH REFRACTION

CEFINES ARSNREER AMOUNTS FOP THE ATHOSPHERIC SLANT FATH
USED,T0 SET UP VERTICAL PROFILE ARRAY VH AND DEFINES MATRIX
HLAY, FOR USE IN SURROUTINE PATH

COMMON ZCARTE/ MODEL yTHAZE ,ITYPE,LEN,JP,IM,M1,M2,M3, MLy TEMISS, RO
yTBOUNN, TS BEN, TVULCN, VIS

COMMON 7CARD2/ H1,H2 ,BNGLZ ,RANGE EETA, HFIN, RE

COMMON /7A®C37 VL,V2,0V,AVH,CO,CHyN{L1EY,ECL15),CA,PT

COMMON /CUNTRL/ LENCT, KMAX, ML JpJesJ2, JMIN,JEXTRAIL pIKHAXSNLL NF Y
1 IFIND,NL, IKLO

COMMON ZMDATAYZ 7434) ,0(7,34),T(7,34),WH(7,34),H0(7,24)
ySEASNI?)  VULCN(S) ,VSB(9) ,HZ (15) , HMIX (34}

COMMON RELHUM(3LI, HSTOR(IL ,EH{15,34) , ICH (&) yVH(15) ,TX(1L5)

COMHON WLAY (34,15) yHPATH(38,15),TERY(68)

COMMON ABSC (L, L0), FYTC (Ly4 D),y VX2(4LD)

JSTOR =N

JEXTRAZD

IF (IFINDLEG(1) CALL ANGL (M4 ,HR yANGLE,BETA ,LENST,M,NL, RE,PI,HL)
IFINC=0

LEN=LENST

IF (TTYPELEG,3) GO 10 2¢C

DO S Kk=1,KMAX

VK{K) 20.0

CONYTINUE

BET A= Q.1

SR=0,10

IP=0
NOF DEFINE CCNSTANT PRESSUFE PATH QUANTITES €Er(1-8)

Y=CA*ANGLF

SPHI=STM(Y}

Ri= (RE+H1)*SPHI

IF (R1.GT7,72(NL)Y S0 Ta 10

GO To 20

Xz (RE+Z(NLY I/ (RESA 1)

IF (SPHIGT.X) GO Th 1%

H1=7(NL)

J1=NL

SPHI=SPH1 /X

ANGLE=180,0-8STN(SPHI)/CA

Riz (RE#H ) *SPHI

Go To 2n

HHMIN=R1-RF

PRINY 275, HMIN

60 To 21¢

CONTINUE

IP=1

X1=Hi

CALL POINT (Hi,TNyHNy,HPi,I3)

Ji=N

TX1=TX (9)

no 25 K=1,KkAX

E(K)=TX (K}

IF (ITYPEJLER.1) GO 7O 8¢

IF {ITYPELEC.2) H2=7(NL)

IF (ANGLF.GT,<0,0) G0 YO 940

IF (ANGLF,GT490,0, 840, NP1eGTa0) JizJi¢d

J2=NL

GEO
GEO
GEOD
GtC
GEC
GEO
GEO
GEQ

GEQ
GEQ
GEC
GEO
GEQ
GED
GED
GEO
GEOD
GEQ
GEQ
GEC
GEQ
GEC
GEC
GEO
GEO
GEO
GEO
GEO
GED
GEO
GEO
bEL
GEV
GEO
GEO
GEO
GEO
GEOD
GED
GEC
GEO
GED
GEOD
GEQ
GEOD
GEO
GEQ
GEQ
GEOQ
GEQ
GEO
GEQ
GEC
GEC
GEO
GEOQ
GEQ
GEU
GEO

10
20
20
46
50
€0
70
80

100
110
120
120
L0
150
160
170
180
190
200
10
220
230
240
2510
260
270
FA)]
299
acy
110
10
3
240
350
2€0
3T
330
390
0o
410
420
430
aun
450
4eo
]
480
4cp
Qo
510
520
530
€40
550
560

ceo
590
660

RN s,

R o




Table Al. Listing of Fortran Code LOWTRAN 5 (Cont.)

IF (1TYPFLEG, ™) €D TO 36 GEC €10
CALL FOINT (M2,YNyNyNP,IP) GEQO €20
Jz=N GEO €
IF (NFJGT.0) J2=J2-1 GEC €40
35 00 40 K={,KuaX GEO 650
IF (KeFN, ) GC 7O &0 GED €¢0
EHIK yJ1)=F (K) GEO 670
IF (ITYPFLEC, D RD TO 40 GEC &80
EHIK,J241) =TX (K) GED €€0
40 CONTINUF GFo 70
IF {J1.E0,J7) TX1=TX14YN~FH(9,J1) GEC 710
C¥*®*®  NOW DEFINE VSRTICAL FATH QUANTITIES VH GEQ 720
IF (JP,EC.C) FRINT 22°€ GEQ 720
DO 45 K=1 4KMAX GEO 740
45 W(K)=0, GED 7S50
np 75 T=Ji,J2 GEO 760
x1=2(1) GEO 77D
X2=2(1+1) GEO 780
IF (I1.EN.J1) ¥i=H{ GEQ 79¢C
IF (T.EN,J2) X2=H? GEC £00
£2:X2-X%1 GED £10
IF (TLENVNLY r7=2¢1) =7 (I~1) GEC 820
nsS=07 GEO 8720
c UPHART TRAJECTORY GEC 840
RX= (REF+X1)/ (PE+X ™) GEO 8%
THETA=ASIN(SPFTII/CA GEO 860
PHI=ASTN(SPHI¥RX)/CA GEO 870
BET=THE TA-PHY GEC &R0
SALP=RX®SEH T GEO 890
IF (SPHI.AT,1.E-10) DSz (RE+XZ2I*SIN{RST*CA)}/SPKI GEC 900
BETA=BETA+0CT GEO 91¢
PSI=RFTA+FPHT=ANGLE GEQ €20
PHI=187,-PH] GEO §70
SR=SR+[S GET 940
JEXTRA= GEG 9%
DO 70 K=1,KMAX GEC €60
EV=DS*CH(K, 1) GEO €7
IF (I.EQ.NL) £O TY 5 GEO 930
TF (EHIK,Y) . ECelaN, 0P, ER({,T+1),ER.0B,0) GO TN 5E GEO €90
TF (BOS C(FHIK,TY/EH(K, T+1))-1,0) 4LTs1+0F=6) GC TC 60 GEO 1000
EV=DSe(CH(K,I)~FH(K, T+1))7ALOGIEH (K, T) /ER(K,y T+1)) GED 1010 |
GO TC 69 GEQ 12l !
50 IF (FH(K,I),FC.".") GN TO 55 GEO 10320
IF (EH(K,I-1).EQ,0,0) GO T 55 GEO 104D
IF (BBSC{TH(K,I-1) /EH(K, 1)) =140 oLV ,1,0E~E) GG TC 50 GEC 1050
EVEV/ALOG(EH(K,T~1) /T HIK, 1)) GEQ 1060
60 TO %D GED 1070 R
55 FV=0. GEC 1C80 i
60 VH(K)=VHIK) +£V GEC 1C5C
IF (1.F0.JSTuty 40 TO BF GEO 1100
WLAY (I ,K)=EVIH(KY GEO 1110
HW{K)=0, GEC 1120
Go 10 7~ GEC 1130 H
65 W (K)=FV GEO 1140
IF (J1.NF.J2) G2 To 79 GEC 1150
WLAY (J2 41 ,K)=H(K) GEQ 116h
WIK}=0. GEO 1170
JEXTFA=1 GEO 1180
70 CONTINNEZ GES 1190
IF (JP.FC,0) FRINT 24%, I,X1,(VH(L) ,L=1,8),PSI,P+1,EETA,THETA,SR GEOQ 1Z(0

186
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75

&0

85

80

g5

100

105
110

116

IF
IF
If
IF

RN=

(JP.EN, DY PRINT 240, X2y (VHIL),L=10,14),0S
(TWGE.WLY CO T) 78

(141 ,E0,J2) EH(O,I+1)=YN

(1.,FQ,J1) €H(Q,I)=TX1

EHI3,T+1)/EH(2, 1)

SPHI=SPHTI*RX/FRN

IF

(SALP,GF,FN) SPHT=SALP

CONTINUS

GO

TO0 190

HORIZUNT AL FATH

D0

85 K=1,KMAX

W{K)=RANGE®* FH (K, 1)

IF

(M.GT.0) W(K)=ANGF*TX(K)

VHIK) =W (K}
CONT INUE

G0

T0 2040

CONTINUS

IF

DUANWARD TRAJECTORY
K2=

]
(NPL,EQ 1) Ji=J1-1

J2=J141
J3J149
YN1=¥N

IF
IF

(H2,6T,7 (J141).0R H1.EQ.H2) GO 1O 190¢
(NPLLEQ,1.ANDVHZ,GEL2(J141)) GO TO o0

CALL POINY (H2,¥YNyHNy;NP2,IP)

co

9E K=1,KFAX

W{K) =TX (K)
TX2=TX(Q)
YN2=YN

IF

IF
1F
1

(H2.4T,H1) H=H2

J2=N

(J1,504J2) TX22TX1+YN2~EH{Q,N)
(H2.GT,H1) Tx1=7x2
CJL.ENLJZ.ANDH2.LT LML) YNI=T XZ

AQ=(RE+H1) * SPHTI*YN1

If
Do

(HZ.GE.H1) YHZ=YN]
105 T=1,.J1

HHIN=RAQ/EH(9,])-PE

IF (TeceJi) HMIN=BL/YI11-3F

JHIN=T

IF (HMIN.LT.7(I*1)) GG VO 110

CONTINUF

X=HMIN

IF (HMTN.LE.N,0) GO TO 120

CALL POINT (X,VN,N,N0,1IP)

JHIN=N

TXI=TX{9N

IF (J2.5QN.OFaJL EON) TXISYN2ETX(Y) ~EF(SyN)

IF
IF

(TX3 LT TXITX(D)
(J1sTO.NLANDL HRWGE H1) GO TO 415

MMIN=AD/TX3 -RF

1F
1F
If
i
IF
IF

(AASUX-HMIMY.GT.0.7001) €GO TO 1410
(J1.c0.N.ANDLHT . GE. HY) YN1=TX3
(U2, E0CNJANDLJLWNELJ2) YN2=TX3
(H2,6GY¢HY) T¥2=TY2

(H2.GELH1Y J2=N

(H2 . 5FeH1 oCRaH? (L T o HMI) HaHMIN

FRINY 250, HMIN

IF

(H2JLTJHMINY J2=N

167

GEO
GEC
GEO
GEO
GEO
GEO
HEOD
GEOQ
GEQ

GEQ
GEO
GEO
GEO
LEQ
GEC
GEC
GEO
GEC
GEO
GEC
GEO
GED
GEO

GEC
GED
GEO
GEC
GEQ
GEO
GEO
GEC
GEQ
GEOD
GEO
GEC
GEO
GEO
GEO
GED
GED
GEC
GED
GeD
GEO
GEQ
GEO
GfC
GED
GEOQ
GEC
GEOQ
GEOQ

1210
1220
1230
1240
125¢
1260
1270
1280
1290
1300
1210
1320
1330
1340
11¢Q
1360
1370
1380
1389
1460
1410
1420
1420
1640
1450
1L4EQ
1470
1480
1490
1200
1510
1520
1230
1c48
1€00
15¢90
15790
180
1892
1600
1€10
1€20
1620
1640
1650
1€€0
1€70
1ee0
1€90
1700
1719
1720
17340
1740
176¢
17€¢0
1770
1760
1790
1800
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IF (H2.LT.HMIN) PRINT 270, HMIN GEO 1810

GO T0O 125 GEQ 1820
120 PRINT 250, HNTN GEQ 1830
IF (H2.LT.H1) GO Tn 375 GEOQ 1840

IF (ITYPF.FQs Ty OR, H? o GEWHL) PRINT 255 GEO 1250
ITYPE=2 GED 1860
TX2=EH(3,1) GEO 1870
JHIN=0 GED 1880
Jz=1 GEOQ 1820
H2=0,40 GEOD 1¢C0
H=0.0 GEO 1910
Ce**¥* NOW LEFINF VERTIMAL FATH QUANTITIES VH GEOQ 1920
125 IF (JP,<0.0) FRINT 225 GEO 1830
JSTOR=J~1 GEO 1640

00 155 I=1,NL GEO 1950
J=d-1 GEO 1€€d
REF=EH(3,)) GEQ 1976

IF (I.EN.1) REF="YNI GEC 19890

IF (T4EN.14ANCK24EV41) REF=YN2 GEOD 1€<0

IF (JyETeJ24 ONDy K2,E0.0) PEF=TX2 GEO 2ft¢C

IF (INEW1) X1=27ddr1) GEC 2010
X2=7{J} GEQ 2020

IF (J,EMeJ2.8K0D, K2,E0.0) X2=H GEO 2020

IF (J4ENJMINLANDL.K2.EQ. 1) ¥2=HMIN GEC 2040
HH=A(PE+X1) "SFHI-YE GEQ 20F0

IF (HMyGYoZCJ) BND HMGTaX2) X2=HM GEO 2060
RX=(RE+ X117 (RE+X?) GEOQ 207D
0S=x1-%X? GEQ 2080
ALP=9p.0 GEO 2090

. THET=ASIN{SFHI} /CB GEO 2100
- SALP=RX*SCHT GEO 2110
IF (ABS(X2-1M) " T.1s0ME-5) ALP=ASIN(SALP}/CA GEC 2120
BET=ALP-THFT GEU 2120

1t (SPHILVGT,1.0°-10) DPS=(IE4X2)*SIN(BET*CA) /SPHI GEO 2140
THETA=180,0~THET GEQ 2150
BETA=RFTALOET GEQ 2160
PST=BETA-ALC-ANGLF+180,0 GEQ 2170
SR=SR+NS GEC 72180

D0 150 K=1,kMA&X GEO 2190
AJ=EH(K,J? GEC 2200
BJ=EH(K,J+1) GED 2210

IF (J.EQeJ1) PUsF(X) GEQ 2Z2ZQ

TF (QeENeJ2 ANO HZ (LT, H1, ANTeH24GTa%0 0} AWK} GEQ 2230

IF (JENOJMINJAND HZ . GEHL) AJ=TX(K) GEC 2240

IF (JoEN JMINGOND, ARSLHZ-HM) ,LT 414 0E-5) AJ=T X(K) GEQ 22%0

IF (K2.,EN.C) GO TD 13" GEQ 22¢€0

IF (JeEQ,J2) FJ=HK) GEO 2270

IF (JF2.JHINY 8J=TX(X) GEC 2280
130 IF (AU,EN.0.3.00,RJ.ED4Celb) GO TO 147 GEQ 2290
IF (ABS((AJY/RJI-1,0)4LEL1,O0F=6) GC TO 1365 GEQ 23¢0
EV=DS*(2J-BJ) FALOG (AJ/BY) GEU 2210

60 TC 145 GEQ 232b

135 Ev=pS*aJ GEQ 220
G0 TD 145 GEC 2240

140 EV=0.0 GEO 221%0
145 VH(K) =VH{K) "Fy¥ GEO 27¢0
150 WLAY{Y,K¥I=EV GEO 2270
IF (JP, &0, 0) FRINT 245, JyX1,{VH(L),L=1,8),PS5I,aLF,PETA,THETA,SR GEO 2380

IF (JP,ENWMY PRTNT 240, X2, (VHIL)yL=1Gy14),DS GEOD 2239¢

IF (J¢FUWJ?,ANDWH?2,5E.HY) GO To 180 GEOQ <400
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155
160

165

170

175

180
185

190

195
200

20¢
210

215
220

IF (Je“QeJMINBND.KZ.FQWs1) GO TO 170
IF (JeNE41Y PN=OFF/TH(9,J-1)
IF (J.€Q,J241) RN=REF/TX2
IF (J.E0,J2,ANDe K2,EQ.0) AIN=REF/YN2
TF e (JEQuCIFTR41) o AND.K24EQe1) RN=REF/TX3
If (SALP,.GF.RN) RN=1,Q
SPHI=SALP»R
IF (JeENGJ24BN04K2,E0,0) GO TO 160
CONTINUE
IF (HMINLLE.0,Q0) GO TO 190
IF (LEN.EN.CY PRINT 2¢€D
IF (LEN,EQ,r) GO TO 192D
IF (LEN.£0,1) PRINT 2mS
K2=14
X1=X2
IF (ARS(X1=-KMIN) ,LF,0.001) GO TO 1990
H=HMIN
JsJ 2+l
IF (NP2LEQ 1) J=J-1
€=RETA
F=180.0-ASIN(SPHI)/ (S
TS=SR
PS=pPSI
00 165 Kz=1, KMAYX
E(K)=VHIK)
GO0 10 125
BETA=2,%0FTA~E
PSI=2.%¥PS]-PS
SR=2+*SR=TS
LONG PATH, TAKEN
PHI=PH
00 175 K=1,KMBX
VH{K) =7 .® VH (K) =E (K)
60 TQ 140
DO 18% K=1,KMEX
VH{K) =2 . 0*yH (K)
BETA=2,9%0C7A
SR=2.0*SR
IF (HZ2,5Q,H1) GO TO 190
RN=TX17 YN1
SPHI=SIN(ANGLE*GA)
IF (SPHTI.LT,RN) S2HI=SPHI/EN
GO TO 31
CONT INUZS
IF (ANGL¥.RT.90,0) PRINT 215, HM
CO 115 ¥X=1 ,KMhX
WK)=YH (K7
CONT INUE
HRITE (5,220
WRITE (6,280)
HRITE (6,230 (W(I)yI=1,8)W(10),W (11}

TF(RITT 0T .0, 0, 8D, TOH N L LELTY W(1S)=W {15y /W I(T)

TFNELZ) W6T o0 N ANDLITH (L W GY . 7) W(15)=H(16)/7K(12)

WRITE (6y27%) (W(I)4I=12415)
I=1
RETUPN

FORMAT (7FicC. 1)

GEO
GEO
GEQ
GEQ
GEC
GEO
GEC
GEO
GEO
GEO
GEQ
GEQ
GEO
GEO
GEOQ
GEQ
GFO
GEO
GEC
GEO
GEO
GEO
GEO
GEO
GEO
GEO
GEOQ
GEO
GEC
GEO
GEO
GEO
GEO
GED
GEQ
GEQ
GEO
GEO
GEOQ
GEO
GED
GEO
GEO
GEC
GEO
GEO
GEO
(134
GEOQ
GEC
GEQ
GEO
GED
6%0
GEO
GEto
GEO
GEQ

FORMAT (/10%,784 ZNUIVALENY ScA LEVEL ASSORBER AMCUNTS//21X,11ZH HWGEQ

1ATER VAPQUR cH? gV, O ZONE NIYROGEN

169

(CCNT)

H20

(CCAGEQ

2410
2L 20
2430
24kl
2450
24€0
2470
FLY1
2L <l
28 €60
2810
2820
2830
2540
2550
2S€0
2570
2580
25¢0
2e00
2610
2€20
2e¢30
2eu]
2659
2EEQ
2€70
2600
2690
2100
2710
2720
2730
2740
2750
2760
270
2730
2790
2800
2810
2820
2830
2840
F4-2-11}
2860
2870
2eere
28910
2¢c0d
2¢€10
2920
29340
2940
2550
29¢0
2970
2580
293¢
3000
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2T) MOL  SCAT AERL OZONE (U-V) 724X, THCH CM=-2,10X,2HKGED 3010
IHyL0XHHATH CM 17X 32 HKM 49X y7HGH CH =2, 10X, 2ZHKM411X,5X,10X,6HATH CHIGEC 3020
225 FORMAT (1KH1,/710%X,20H VERTICAL PROFILESs/7Z 4 1%, ZHID, IX, THALT , 6%, IHGED 3030
1H20,37Xy kHC O 2+ 46X 3 2HNI y IX s 2HN2 36Xy BHH20 (10M) 4 Xy LHMOLS,6 X, 4HAERLy S¥GEQ 3040
2y6HOI(UVY 3 S Xy IHPST L EXy IMPHT 46 X, UHBETA , 4X, BHTHET A, 4X y SHRANGE,y / y14X46EQ0 3CEC

35K s X, THH20 (M) 4 6X ,uHHNO3,6X ; 4HAER2,EX g UHAERIy 6 X9 HAE R, 3Xy »S6E0 3060
48X, 6HORANCE 2/7) GEO 3070
230 FORMAT (/40¥,8H W(1-8)1=8(I104e3) /74X E14¢3,28X,EL4,3/) GEO 3080
235 FORMAT (60H TRAJECTORY MISSES CARTHS ATMOSPHERE. CLCSEST DISTANGCE GEO 3090
10F APPROACH TYyF 4742y 1Xy/s 1Xy 16HEND OF CALCULAT ICN) GEC 2100
240 FORMAT (uX,F8,3,19%,1P5E1N43,56X,0PF?,2,/) GEO 3110
245 FORMAT (Ju,FB.X, 1PREL1N.I,0PUF G, UuyF7,.1) GEO 3120
250 FORMAT (€M HMIN = ,F10,3) GEQ 3120
255 FORMAT (euM PATH INTEQSECTS EARTH =~ PATH CHANGEC TO TYPE 2 WITH HZGEQ 3140
1 = 0.0 KM) GEO 3150
260 FORMAT (84H CHOICT OF THWO PATHS FCR THMIS CASE -SHCRTEST PATH TAKENGEO 31¢€0
1, FOR LONGFR PAT4 SET tEN=1,) GEQO 3170
265 FORMAT (8SH CHOICE OF TWO PATHS FOR THIS CASE ~LONGEST PATH TAKEN,GEO 3180
i FOR SHORT FATH SET LEN = 0 ) GEO 3190
270 FORMAT (74H HZ WAS SET LESS THAN HMIN AND HAS BEEN RESEYT EQUAL TO GEO 3200
1 HMIN T.Ee HZ = ,F10,3) SEO0 3210
275 FORMAT /30X, 4HAEP2,10X,441AER3,10X,4HAERY ,5X y9HR He MEAN,710X,10H GEO 3220
1N(12-15)=,4(1PELE, X) /) GEO 3230
280 FORMAT (118X,11HNITRIC ACID} GEQD 3zu0
. END . GEO 3250
170

-
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Table Al, Listing of Fortran Code LOWTRAN 5 (Cont.)

SUBROUTINE ANGL (H1,H?,8NGLE,B1,LEN,M, NL,RE,FI, ML} ANG 10
COMMON /MDATAZ Z(30LY ,0(7,304) ,T{T,304) yAH(T  34) ,W0L{7,304) ANG 2u

1 3SEBASN(2),VULCNIS),VSB(9) ;HZ (15) yHMIX (34) ANG 0
COMMON RELHUMCIL) ,HSTORI3Y) ,EH(LS,34) ; ICH(A) yVH (15} , TX(15) ANG L1:]
COMMON WLAY(4,15) ,MDATH(6A,15) ,TERY(60) ANG 50
COMMON ABSC {4,40),EXTC (L,%0), VX2(40) ANG €0

c FESF PRGNS AN ENER RS R SARE FAREPRB I FVRY RSB AR BRI IC PRI FRFFS IFRPERRREFREANG 7€
¢ ANG a0
c THIS SURRQUYINE CALCULATES THE INITIAL 2ENITH ANGLE (ANGLE) ANG <0
c TAKING INTO ACCOUNT FEFRACTION EFFECTS GIVEN Hi,HZ2, AND BETA ANG 100
c (WHERE Q9ETA IS THE TARTH CENTRE ANGLE SUBTENLED BY Hi AND H2 1, ANG 14D
[ ASSUMING THF REFRACTIVE INOFX TQ OF CONSTANT IN A GIVEN LAYER. ANG 120
c FOR GREATER ACCURACY TNCREASE THE NUMBER OF LEVELS IN THE MODEL ANG 120
c ATMOSPHERE AinG 140
C ANG 150
c THIS SUBROUTINE CON RS REMOVED FROM THE PROGRAM IF NOT REQUIREO. ANG 160
[ O!.".l-‘l"l"'ii.lQ!‘!Q‘#'!“"!.!!!'&!.“!!.l!"'l!!.‘“‘l!.l'!.l"ANG 170
IP=99 ANG 180
CA=PI/1RN. ANG 190

X1z RE+4H1 ANG 200
X2=RE+H2 ANG Z10
LEN=0. ANG 220

IT=0 ANG 220
Bi=R1*CH ANG  Zul
TANG=X2¥*SIN(B1) /(X 2#C0S (BL)=X1) ANG 250
THET=ATAN(TANG) ANG 260

IF (THET,LT.0.0) THET=THET +FI ANG 270
SPHI=SINITHET) ANG 280
ANG=THET/Ch ANG 290
TN=THET ANG 200
TH=TN-0,5%CA ANG 340

S ANGLE=THET ANG 320
FBT=04 ANG 330

RET A=0. ANG 340
BET1=10 ANG 150
BET2=D ANG 260
FBT1=z0 : ANG 370

FBT 2=1 ANE 220
FBT3=9.0 ANG 290

IF (P1.LE.0.0) GO TO 10 ANG 400
Y224%THET ANG 410

IF (Y-PI.GT.1.0F-8) GO TO 45 ANG 420

IF (IP,ED0.100) GO0 7O 30 ANG 430
XMIN=X2*C 0S (R1)-RE ANG 44D

IF (XMIN-H1) 40,20,20 ANG  4%0

10 HMIN=H? ANG 4E€Q
H2=H1 ANG 470
Hi=HHIN ANG 48D

L5 ANGLE=G.5*P1] ANG  4:0
THET=ANGLE ANC 500
SPHI=1.0 ANG 510

BN G=ANGLE /LA ANE 26

20 IP=100 ANG S0
CALL POINT (Hi,YNy Ny NP, IP) X ANG Sul

Jiz=N ANG 55D
TX1=TX{(9? ANG 5€Q

2% CBALL POINT (HZ,YM,N,NP,I) ANG S70

IF (NP,EQ.1) N=N=~1 ANG %80

J2=N ANG 590

IF (J1.ED0.J2) TYX4=TXL1+YN=EH(3,J1) ANG 600
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30 Do

X1=
xX2=

IF
IF

35 J=J1,42

RE+7¢())

RE+Z(J+1)
(JeFQLJ1Y YIsRESNT
(JaEDQeu2Y X2:RE4MD

SALP=X) *SFUT/Y2
ALP=ASIN(SALP)

RN=

If
IF
IF

EH(9,J41)/7CEH( T, 0

((J+1).EQ,42) RN=YN/EH(T ,4)

(o€ J1) EN=EM(2, Js1)rTxy

((J41) L ECLJ2,ANP . J,EQ.J 1) RN=YA/TX1

BET=THET-ALF
FB=«TAN{ALP)

IF

(J.NELJ1) FR=FRETAN(THET)

FBT=FAT+FA
BETA=BETA«RET
THi=THET/Ca

8E=

BEY/CA

C=ALe/CA

IF
IF

(¥2¢ EQuRE+H2) ZzoT-pLp
(SALP .GE,RN) RN=1,

SPHI=SALP/QN
THETz BSIN(SFHI)
35 CONTINUE

IF

(81.LE,0.00 GO 7o 125

GO0 To 116

40 CONTINUE
TANG=-TANG
ANGLE=PI=-ANGLE

TN=

ANGLT

ANG= ANGLE/CA

IF

(H1,LEV04D) GO TD 15

45 CONTINUE
IP=104
CALL POINT [His ¥ty Ny NFL,IP)
TXL=T1X(9)
YN1=YN

IF

Je=

IF

Ji=

INPLLEOL1) NunN~y
ML

(M.FT47) Jz=ML

N

PENSE S

IF

(HZ.GEWM1) GO TO 65

CALL POINT (H2, YNy Ny NP, IP)
TX2=T%(9)

YN2=¥N

J2=N

IF

(J1.EQ.yD) TX2=YN1+TX(9) ~EH(9yU1)

60 J=u-1
X1=RE4Z (Je1)

X2=

IF
IF

RE+Z ()
(JoFQad1) ¥iz=PE4My
(VeFOad?) X2=RE ¢H?

SAL F=Xx1*SPHI/ X2
HMIN= X1 *SPH I-RE

IF (SALP.LE,1,0) GO TO &5
SALFsSPHI
IF (HMIN.GYT.H2) GO To pp

55 ALP=ASTNI(SALP)
THEY=ASIN(SEHI)

172

ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANC
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ENG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
aNG
ANG
ANG
ANG
ANG
ANG
ANG
ANG

€10
€20
620
€40
650
€60
670
680
6¢Q
T
718
720
8
7410
T¢0
760
770
78¢
790
eoo
10
820
LE])
240
BED
eel
810
geo
eco
cqe
10
970
930
G40
€e0
960
970
980
1]
1000
1610
1320
1030
1040
1950
1060
1070
1080
1090
1169
1110
1128
11390
1148
1150
11€0
117¢
1180
1190
1200
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BET=ALP~THET ANG 1210
AETL=DET1+AFT ANG 1220
FA=TAN(SLE} ANG 1230
IF (JNZ.J1) FR=FO-TAN(THIT) ANG 1240
FBT1=FBYI+FF ANG 1Z%0
THL=THET/CA ANG 12€0
RE=BET/CA ANG 1270
AL=ALP/CH ANG 1280
IF (X2.EQ.PFE+H?) C=PI-ALP ANG 1290
REFzEH(9, ANG 1300
IF (JeEQeJ1) RFF=YNL ANG 1210
IF (J.EQ.J2) REF=T¥? ANG 1320
IF (JeFN,1) RO TO 6D ANG 1320
RN=EH{Q,J) /EH(D2,J~1}) ANG 1340
IF (Je€ET J1) FN=YNI/ER(G,J~1) ANG 1250
IF (JosEQed2+1) RN=RIF/TX2 ANG 12€0
IF (J.EG4J2) RAN=RTFIYN2 ANG 1370
iF (SBLO2,GE.PN) PN=%, ANG 1380
SPHI=SBLF*RN ANG 1390
IF (740N LE.HE)Y GO TH &0 ANG 1400
GO TO 69 ANG 1410
Xi=x? ANG 1420
IF (ABS(Z(J)-¥2) oLT.1,0E-10AND.JNE.,2) GC TC 6% ANS 1420
GO To 70 ANG 1440
JEd-1 ANG 1450
X1=RE+7 (J+1) - ANG 1460
IF (J.EQeJ1) X12RI4HQ ANG 1470
IF (UsEAeJ24AND. Jo NF, J1) X12RE4H2 ANG 1480
X2=PE+7 (N ANG 1490
HMIN=X{* PHI-RE ANG 1500
TF (HMIN.LF.0.M 50 Tn 110 ANG 1%10
IF (2¢J),LT,HVIN) GO TO 80 ANG 1520
REF=EM(Q, ) ANG 1530
IF (JoENDsu2) REF=YN ANG 1540
SALP-Xi®SPRT/ %2 ANG 150
ALP=ASTIN(SBLP) ANG 1560
THET=8 SIN [SFHT) ANG 1570
RET=ALP=-THET ANG 1580
FESTLN(ALFY-TON(THET) ANG 1590
FBY2=FAT2+Fm ANG 1€00
BET2=BET249FT ANG 1e10
AMIN=QET14AFT2 ANG 1620
AL= ALR/CH ANG 1€30
TH1=THET/C & ANG 1E40
RN=RFF/EH(O, J-1) ANG 1650
IF (SALP,r7,0N) ©N=i,{ ANG 1€60
SPHI=SALDP*RN ANG 1e70
GO TC 6/S ANG 1£80
TXISYNL4VX(0)=FH (D, j1) . ANG 1€E%0
YN1=TX3 ANG 170
TF (AAS(H2-7(J+1)) L F.1.0E-E) YN1I=TX(9) ANG 1710
IF (A9S(H1-7(J+1)) 4l S 440E-5) YN1=TX(9) ANG 172G
AN=1,:¢ AMG 1720
GO TO0 r= ANG 1740
CALL POINT (HMIN,YNyNyNF,1P) ANG 1750
IP=102 ANG 1760
Tx3=Tx{(I3N ANG 1770
IF (JWE€7.J1,8ND,H2,RELH1) GO TO 75 ANG 1780
IF (J,7,J1,00.J.EQ. 0% TXIzYN24TX{ Q) ~EMH(E, ) ANG 1790
IF (HMIN,CT,42) TY?=Tx(9) ANG 18100
173
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont,)

IF (JoEQuJ1.AND,HMTINLGT H2) GO TQ 75
RN=FEF/7X2
IF (SALP.RELRN) RN=1.
SPHI=SALP*RA
X=X1*SPHRI-RF
CIFzABS(HMTN=X)
HMIN= Y
IF (0IF-1.CE-C) RE,B5,80
85 X2=RE+HMIN
THET=ASIN(SFHI)
IF (RN.S0.,1,08) FOTZ=-TANI(THET)
IF (RM.EN.140) GO TN Aap
CNX=(TXT-1,0)*ALOG((T¥2-1,0)/(REF-1403}/7¢%X2=%1)
FRTI=-TAN(THETI* (4 ,"-1.0/( 1. 0+TXI/ (X2*DNXD))
90 BET=0,6%PI-THET
BET ¢=BET ?+AEY
AMIN=RET14RCT2
IF (H2.GEWH1) GO O 1n0Q
BET=RET 142, *BET2
0BL=R1-9¢FT1
CB2tEFT-R{
D8 3=ARS (BHIN-FL)
IfF (08T, GT.UB1.AND,ORCT.DEL) GO TO 140
IfF ([B2,67,("7) GO TC 95
IF (D52.,GT.CBi) GO TO {10
AETA=BET
FUTY=FBT142,0%(FBT24FET3)
LEN=1,
GO TO 118
95 BETA=BET1+"ET?2
FRT=FART1+FAT24FAT?
GO TO 115
100 CPETA=2, 0% {AFT1+BET 2}
LEN=-1.
FAT=2,0%(FBT14FBT2+FRT3)
FRINT 130y JsPEYA,FOT,FBTL,FBT2,FBT3,TX1,YN1
IF (H2.50.H1) GO TO 115
bES RURS
IF (NP1,EQ,1) J1=Jd8+1
SPHI=SIN(ONGLE)
IF (7(J141).LE,H2) &0 TO L6°F
RN=TX1/¥N1
IF (SPHY.GELRN) RN=t,
SPHI=SPHI/CN
THET=ASIN{SFHI}
GO TC 2%
105 CALL POINT (H2,YNyN,NF, IP)
TX1=TX4+YN-FH (9, J1)
RN=TX1/¥YNY
J2=J1
IF (SPHI.GELRN) PN=1,
SPHI=SPHI/ON
THET=ASIN{(SPHL]
60 To 75
110 BETA=RFT1
LEN=T,
FET=FRT1
115 THET=ANGLE ¢ (P1=RFTA) /(1.,+FBI/TANG)
OBEVYB=RITA/CA
B=BET1/CA

ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANC
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
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ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANG
ANC
ANG
ANG
ANG
ANG
ANG
ANG
ANG
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ANG
ANG
ANG
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ANG
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1810
1e2¢
180
1840
1850
1860
1870
1860
1890
1€00
icic
1920
1¢20
1940
1€50
15€0
1970
1¢80
1€cQ
2060
20140
2020
2020
2040
20¢0
20¢€0
2070
2080
20¢0
2100
2110
2120
2120
21480
215G
2160
2170
c160
2190
2200
2¢40
2aa0
2230
2eu
2250
22€0
2e10
2¢80
2290
2300
2212
Z3ei
2230
2249
22¢0
2360
2370
22840
2190
2400
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TH1=THEY/CA ANG
PRINT 1=, EETA,0RFTA,FRY, TH1,TANG ANG

IF (THET.GT.TALOR, THET LT, THM) THET=(TN+TH)/ 2. ANG
TH1=THET/CB AN
PRINT 125, €ET1,0,Ff3T,TH1 ANG
TN1=TN/CB ANG
TM1=T4/Ca ANG
PRINT 140, TN,TM,TNi,TM1 ANG
SPHI=STIN(THET) ANG
TANG=TAN{THET) ANG
IT=1T+4 ANG
DBE=ARS (81 -RETAY ANG
DTH= ABS (ANGLE-THET) ANG

IF (ITLE0,10) THET =N, E¥(ANGLE+THET) ANG

IF (IT.EM.10) RO T0 129 ARG

IF (OBE.GT41.0E-7,840.0TH«GT41,0E-7) GO YO S ANG

120 ANGLE=THET/CA ANG
PRINT 145, ANCLE 4IT ANG
RETUPN ANG

125 Hi=#2 ANG
ANGLE=C/CA ANG
FRINT 145, ANGLELIT ANG
RETURN ANG

ANG

130 FORMAT (If,F1F,7,R8F1X,8) ANG
135 FORMAT (14H TCTAL RETA = 4 E14.69yF 15.6, THFAT = ,E14,€,TH THET =, F1ANG
104 6ySHTANG=,F1N, £) ANG
140 FORMAT (GF12.F) ANG
145 FORMAT (8X¥,/1H*, I4HYENITH ANGLE =,F7.3,60H DEGREES N RECOMPUTEC ANG
1 FROM SUEROUTINF ANGL (ITTERATION,I13,1H)) ANG
END B ANG

175

2410
2420
2620
2L&Q
2450
24€E0
2470
2480
2450
200
2510
2520
239
2540
2550
2560
2870
2580
2590
2€00
2610
2620
2€30
2640
2650
2€€Q
2€70
2¢e &0
2690
2700
2710




Table Al, Listing of Fortran Code LOWTRAN 6 (Cont.)

A0 A DOONAOO0O0

wn

15

1

SUBROUTINF FCINT (X, YN,NyNP,IP)

REVISED 12 CEC 79

COMMON /CERC1/ MODEL s THAZE g ITYPEZLENs JP,THy M2 M2 ,F3 0L, IEMISS,RC
» TBOUND, ISEASN, TVULCN, VIS

COMMCN /CART?/ M1, H2,ANGLE , RANGE,BETA,HMIN,RE

COMMON /CARCX/ Wi,V2,0V,AVH,C0,CH,N(15),E(15),CA,FPT

CONMON /CNTPRL/ LENST ,KMAX, My TJdyJlyJly JHIN,JEXTRAHIL, IKHAX, NLL NP

1,IFINO,NL, TN

COMMON /MDATAYZ T(3L) yFET,34)) T(7,20), HH(Ty34)4NO(Ty Ik)

1 3 SEBASNI2) y WLCN(5), VSB{I) yHZ(15) ,HNIX (34}

COMMGN RELHLM (T4) g HSTOR (34) JEH (15,341, ICHIL) ,VH {151, TX(15}
COMMON WLAY (34,15) yWPATH(58,15) ,TERY(68)

COMMON ABSC (4,40),EXTC(L,40),VX2(4D)

AP RR RN ERCA RS SR SRR NS ANO S SRR NI SR SS R FNERB I ISR IV NSNS SRRSO IFFIDO]
SUBROUTINF FOINT COYPUTES THE MEAN REFR, INDEX ABOVE AND BELONW
A GIVEN ALTITUDS AND INTEAPOLATES EXPONENTIALLY TOo ODETERMINE THE POI
EQUIVALENT ABSORAIR AHMOUNTS AT THAT ALTITUDE,

X IS THE HEIGHT IN QUESTION
TX(9) ANC YN ARE THE MEAN REFRACTIVE INDICES A2SOVE AND BELOW X
N IS THE LEVEL INTEGER CORPESFCNCING TO X OR THE LEVEL BELOHW X
NP =1 IF X COINCID:IS WIT{ MODEL ATMOSPHERE LEVEL ,IF NOV NP = (O
TX(1-8) ART APSO?AFR AMIUNTS PER KM AT HEIGHT X
BEPRR TR EIFFABA NN RIS BN ".Q...‘.‘l!lll..l.tl‘.D.'.I.“l!.'ll."Pox
N=NL
NP=(

(X.LT40.0) X=7(1)

IF (X.GTL7INL)Y GO TO 20
CO 5 I={,NL

IF (X=2(1)) 10,20,5

CONTINUE

J2=N

N=N-1

LLEER.]

IF{ML4GT« 0o AND M LT 7) HMMLI=ML

MH2=M

IF{M2,GT+C s ANC. M. LT.7) NN2uN2

FACSIX="ENI ¥/ (Z{J2)-7(N))
FX1sP(MM1,N)* (P(MM1,J7) /P (MML N} )} **FAC

TXL=T (ML, NI*(TOHM1, J7) /T (MML,NY) #*FA(

WX1=NHEMM2 ) N * (HH{ MM 2, J2) 7/ WHIMM2,N)) **FAC
TX(2)=TO*PX1/TX1-L,5€E-62NX1*TXL1*CN

TX(2)=CO™ (M1, 32 ST {MM1,)2)- 6, 56E-6*HH(MM2 ,J2) *T (MK1,J2)*CN
TX (L) =COYPUIMML NI ZTIMH L N) ~Ly SEE=E*HHIMM2,N) *T{MM1,N)*CH
TR 20,5 -62{TX(2)+TX( W)

YN=0, SF-6* (TX (1) +TX (X))

(IP.ER.0) GO T3 <R

00 15 K=1,KMAX

(K4 Q.8) GO TO 1%

TX(KY=G,0

(EH(K,N) .GT.1000.0) GO TO 15

IF (XelL€410D0,0) TX(KY=EH(K,N) +FACY(EH(K,J2)=EFIK,N)})

(EHIK,NY E0,0 .0 .0R.EFN(C,J2).EQ,0,0) GO TO 15

TXCKY=EH(K, N) *{EHC Ky J2) /EH (KyN)) *¥FAC
CONTTNUF
GO TC TS5

20 NP=1

176

POIX
POT
POI
POIX
POT
POI
POI
PO1
POI
PO
POI
POT
POI

POI

POI
POI1

P e T Ty E Ry R RN L R L R R A R AR LR LR a1 iD

POY
P01
POI
POI
POI
POI

POI
POl
FOT
POIX
POI
POI
POI
POIX
POIX
eol
PCl
POI
POY
POI
POI
POI
POI
POX
POX
POIX
POX
POI
POI
POY
POI
POI
P01
POI
P01
POX
POl
PO
PFCl
POI

e F
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25

30
C

5
C

40

IF (IP.£0,0) 60 TO *0
00 2% K=1,KMAX
TX(K) SEH(K,y N)
TX(9) SEH(QA,N) -1,
YNzQ.0
CARDS B 25 AND 50 THROU>H 59 ARE NO LONGER PREQUIRED
IF (N,GT.1) YKSEH(Qy,N~1)-1,0
CONTINUE
17 (IP,E0,1) FRINT 45, X,N,NP,TX{9),¥N,IP,(TX(K),K=1,8)
IF (IP.EC.1) FRINT 40, (TX(K) ;K=17,14)
TX(Q) =TX (Q) ¢,
YH=YN+1.
RETURN

FORMAT (//5Xy11M TX(12-141=,3€10.23/)

POl
P01
POl
POl
POI
PCI
Po1
POI
PO1
POl
POI
POI
POI
POI1
POI

45 FORMAT (/,2CH FROM POINT\ HEIGHT=,F10,4,6H KM,N=513,4H,NP=,12,28H,P0]

1REF, INNEX ABGVE & BELOW X=,2E11.b4,4H,IP=,13,/,12X,36HEQUIV.

2BER AMOUNTS PER KY 8T X=,3E10.3)
END

177

ABSORPOI
POI
POI

€10
620
€20
LT
€50
660
€10
€8)
€S0
200
7190
720
730
740
150
760
70
780
7¢0
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SUBROUTINE EXAGIN EXA 10
¢ ExA 20
c LOADS EXTINCTION AND APSORPTION COEFFICIENTS FCR THE FOUR ExA 10
c AEROSOL ALTITUIE RFGIONS EXA 40
c EXA 50
COMMON /CAGD1/ MONFL oy THAZZ ITYFE,LEN;JP TNy M1, M2,M3,HL, IEHISS, RO EXA &0
1 ,TBOUND,ISFASN, TVUL CN, ¥I3 EXA 76
COMMON /CARL2/ Hi,H? \BNGLE JRANGE  FETA, HMINRE EXA 80
COMMCN /CARE3/ V1,V2,0V,AVH,CO,CHyH{15),E(15),C4,P1 EXA <O
.. COMMON FCNTFLZ LENST yKHAX, MDy TJyJ1,J2, JHINyJEXTRA,IL,IKMAX,NLLyNPLEXA 100
15 1F IND,NL, IKLO EXA 110 ;
COHMON 7HDETA/ 7(34) 4P (72340, T (7, 14) JHHT,34) ,HC (7,24) ExA 320 i
1 +SEASN(2) f VULCN(R),VSB(3) s H7 (15) 4 HHT X ( 34) ExA 130 B
COMMON RELMUM{34) (HSTOR (34) dEH(15,74) s ICH (4) s VH(15) sTX(15) EXA 140 E B
COMHON HLAY (XUy15) JHPATHI58,15) yTRRY (68) EXA 153  §
COMHON AASC (4yl0)y EXTF Cay40)y VX0 40) EXA 160 3
COMMON FEXTCTAZ VX2 (601 ,RUREXT (A044) ;RURBAS (40,4 JURBEXT (40,43, EXA 170 3
JURBABS (40,4 » CONEXT (40 ,4) , OCNAES (40y4) , TRCEXT(40,4) , TROABS (40, 4) y EXA 180
ZFGIEXTC4N) 5 FG1ARSI4T) FG2IXT (40) 5 FGZABS (4 D) EXA 150
3,BSTEXTILL) yRSTABS (402 , AVIEXT (40) , AVOABS(4D) , FVCEXT (40 EXR 200
4),FVOARS(40), THEEXT(40) JDMERARS (40) EXA 210
DIMENSION PHTCNE (4) ExA 220
DATA (DHZONFUI)3T=1, 4)7Cey 7Ca y 804 »939u/ EXA 230
PRINT 01, (ICH(I),T=1,4} EXA 240
CALL EXTNTA EXA 250
00 & I=1,40 EXA  ZEQ 3
5 UXO0(I)=VX2(I) EXA 270 1
Ti=1 EXA 2680
IF (IHATELE0,7) Ti=2 Exa 2¢<0
DO 8% H=T1,4 EXA (0
ITA=ICH (H) EXA 10
ITC=ICH{M) -7 Ext 320
WRH=W(15) Exa 30 -~
IF (ICH{M) ., EQ.F, ANG.HaNEsL) WRHETO. EXA 340 -
c THIS GONING COFS NOT ALLIW TROP RHM NEPENDENT AEOVE EH(7,D EXA 350 -
C DEFAULTS 70 TROPOSPHERIC AT 70. PERCENT Exa  3€g
0O 10 1=2,h EXA X170
IF (WRR.LT.FHZONE(T)) GO TO 15 EXR 280
10 CONTINUE EXA 3¢0
1=t EXA 40
15 TI=T~1 XA &40
IF (HRH. 6T .0, 0. AND, WPH.LT.99,) X=ALC (100 -0-KRH) EXA 420
X1=ALOG (10D . P-RH7ANE (TT)) EXA 430
X2=AL0OG (10040 -RHZONS (1)) EXA 440
IF (HRH.GE.99.0) X=X EXA 4SO
IF (HRH.LE.040) X=X1 EXA 460
DD 60 N=1,40 EXA 470
BRSC(MaN) =0, EXA  4EQ
EXTC (MyNI =0, EXA  49C
IF(ITALGT,E) RO TO 45 EXé 500
IF(ITALLF,0) GO Tn A0 EXt 510
¢ RH CEPENJENT AE?0SOLS EX8  S20
GO TO €22+77+25525,30,35), ITA EXA 530
20 YP=ALOG(RURFXT(N,IN Exa  =up Y
Y12 AL 06 (RUREXTIN,TT) ) EXA SEQ |
7228L06G (RURABS(N,T)) EXA 584 .
71=ALOG (RURABS(N,TT) ) EXA 570 !
GO TO &0 EXA T80
25 ¥2=ALOGLOCNZXT (N T)) EXA &6

Y1=ALOG(NCNEYT(N,IT)) EXA €90
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-

30

40

45

50

56

60

65

76

75

a0
85

90
5
100

72=ALGG(COCNARSEN,T))
71=ALOG(OCNABS(N,TIT))
GO0 TO 40
Y2=ALOGIURAEXT(N, I
Y1=ALOG (URBEXT(N,TD)
Z2=ALOG{UFRBABS (NyI))
Z1=ALOG(URPARS (NyTT))
GO TO 4"

¥2z ALOG(TROFXT(NeIM)
Yi=ALOG(TROEXT (N, TI))
22=ALOG{TROBBE(N,T))
Z1=ALOG(TROARS(N,II))
YY1+ (V2228 (X=X1D/(X2-X1)
ZK=Z14(72=71) *(X=-X1) /(X2-X1)
ADSC (MyN) = EXP (7K}
EXTC(M,N)=FXP(Y)

GO 70 80

IF (IT8.GT.14) GO YO 75
IF (ITC.LT4 1) GO TO 8D
GO TO (SC,55,604,65,70,65,70)y ITC
ABSC (M, N) =FG1 3RS (N)
EXTC(M,NI=FCIFXT (N)

GO0 T0 &)
agSCLM, N) =FG2ARS(N)
EXTC(H,NY=FG2EXTIN)

Go TO &1

ARSC (M, N)=BSTABS (4}
EXTC (M, N) =RFTEXT(N)

GO TO 80

ABSC (M, N) =AVO 8RS (N}

EXTC (MyNY=AVOEXT (N)

Go T0 RQ

ABSC {My N) =FVOARS (V)
EXTC (M N} =F¥GEXT (N)

Go T0 an

ABSC (M, N) =DMEARS (N)
EXTC (HyN) =DMEEXT (N)
CONTINUF

CONTINUE

PRINT 95

PRINY 100, (VX2{N) ,(EXTC(4,N) 4ABSC(MyN] yM=3,4)sN21,40)
RETURN

FORMAT (7H  ICH ,4I%)

FORMAT (60H FXTINCTICN AND ABSORPTION COEFF ICTENTS)
FORMAT (F10.4,8F104%)

END

EXA
EXA
EXA
EXA
Exa
Exa
EXA
EXA
EXA
£EXA
Exa
EXA
EXA
Exa
EXA
EXA
Exs
EXA
EXA
EXA
EXA
EXA
EXA
EXA
EXA
EXA
EXA
EXA
EXA
Exa
EXA
EXA
ExA
EXA
ExA
ExA
EXA
EXA
Exa
EXA
EXA
Exa
EXA
Exa
EXA
EXA
EXA

€10
€z0
630
640
€50
€€l

1000
1010
1020
1020
1040
1050
1060
1070

i onia  iat. i e o
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont,)

SUBRQUTINE EXTNTA v

AEROSOL EXTINCTION AND ARSOFPTION DATA

~ o

CUMMON JEXTOTA/VX? (40) yRUREXT (40, 4) JRURABSEH 0,4} JURBEXT (40 ,4),
1URBAES(G0,4) ,OCNEXT (40 ,4) ; OCNABS (40,4 )y TRCEXT (" Op4) y TROABS(4B,4) 4
2FGIEXT(L0), FGIAISILL) , FG2IXT( L) yFG2ARS (LD
3, BSTEXT(40),"STAPS (L0),AVOEXTLL2),AV0aB5(60),F VOEXT (40
) yFYOARS (40), TMEEXT(4D),DMF pAS(4 D)

DATA (VX2(1),I= 1, "0}/
£2000, L7000, o3371, 45500, 26663, 1,0600, 1.53€0,
?.0000, 27,7500, 2,500, 2.7000, 3.0C00, 2*,3923, 3.7500,
4,5000, 5,0000, &,5000, 6.0000, 6,2000, €,5000, 7.2000,
7.9000, &,7000, &.7C01, 9,0000, 9.2000, 10,0000, 10.5910,
11,0009, 11,5007, 12.5600, 34,8000, 15.0000, 16,4000, 17,2000,

18,5000, 21.%000, 25,0000 30,0000, 40,0000/

DATA (RUREXT(TI,1) ,T=1, 43)/

2.09291y 1.745R2, 1.30500, 1.,00000, .?5203, ,&iSe3, .24070C,
.14709, 13304, .12234, ,13247, .11196, .10437, .099%6,
.09190, L0844, LO07EE1, .D7075, ,07089, .07196, .07791,
L0481, ,Qu33a, 12186, L1P6%E, ,1262%, .09152, L08076,
JO07456, 06887, ,DBO032, ,04549, LO0SE54, «{E0C0, L963E2,
£06722, J0FO51, .05177, 04583, ,0&304/

DATA (RURFXT(T,2) ,L=1, 40}/

2.09564, 1.7416%, 1,59561, 400000, 75316y <&2171, .24323,
.15108, 13608, L1230, .13272, 413823, ,11076, .10323,
L00475, 08728, L08G?5, 07639, 07797, .07576, L7943,
04899, 04525, 12165, 42741, .12778, .09032, .07962,
+07380, +06830, .06329, 05791, .06846, .06639, .07443,
06304y (0FUGT, 05533, .QLAET7, .04519/

DATA (RUPEXT(I,3) ,I=1y 40}/

2,07082, 1.7145€¢, 1.57962, 1.0000G, .76095, .43228, ,25348,
216456, 164677, 41323, 413405, .20316, .12873, .11506,
+.10%R1, 403709, LOR919, .0I3ED, ,0970%, L08791, ,J8buil,
.UBZ4T,  .UwRN1, .11905, .17595, ,12348, .08741, .077G3,

L 07?66, .0704&, 07443, .08146, 08810, ,08563, .08962,
WDB051y «072677y o06658, 05747, 05184/
CATA [RUREXT(I,4) ,T=1, 40)/
1 1.€60765 1.47886, 1.40139, 1,00000, +B80652, +SC595, 432259,
2 .23uERm, 20772, .18S32, ,1734®, .IS114, +2000€, L173286,
3T ,161%9, L1544, (14557, 16215, +36766, .149¢4, L14032,
4 ,12068, .12601, .13551, 13582, 13228, +11078, .09994,
5
6

SN E N LR B B B ]

PV W

(o JNC I SRV R

+09877%, 10418, 13241, 15924, 16139, 15949, ,15778,
15184, 13048, ,12%63, 411076, 09601/

DATA (RURARS(I, 1) ,I=1, 4O}/
, 67196, 11937, ,08505, 05930, ,05152, 05616, .0S00E,
2 019FB, 40207Cy 02101, 05652, 402785, 01316, ,L00867,
W01462, .01310, .01627, .0:01%, .02165, .023€7, .03528,
L 02823, L0392, JORT73, LUT285, .08120, +04O0Z3, ,03177,
07557, 07342, L2177, .02627, .039e3, .03114, 03696,
202955, 407500, «°32ul, oG2297, 4033680/

CATA (RUPARS(I,2) ,I=1, 40}
L€29R8, L1021, LITETL, 05380, 04684, .O0B33E, .04bid,
. 01829, .C189Y, ,L(1962, (5525, .06816, .01662, L0Q867,
L01546, 01377, .N46P?, ,028¢2, .02829, .02532, ,03487,
LO078%5, L0854, 06684, (07272, .08038, .03967, .03247,
W D281h, 02816, .93101, L03741, 06829, +04032, 04399,
L0273, .07Y5E, L0601, L0352%, L0563/

DATA (RUPABSCI,Y) ,I=1y 4O}/

1 ,51899, LLEITR, 75813, 04382, 403570y 04158, 03620,

D n & Giny
~

[+ B B R N

EXT
€xXT
EXY
EXT
€xT
EXT
ExTY
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXTY
EXT

i
'
30
40
S0
60
70
£0
<0
100
110
120
110
140
160
1€0
170
180
1¢0
zco
z10
220
Fa]
Zu0
250
260
270
z80
Z90
3a0
210
3zo
320
Ju0
38D
€0
370
3e0
icg
4co
4§10
420
426
Lao
450
4ED
aro
L80
4c0
£02
510
520
530
sS4l
550
560
S70
ceo
590
€00
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2 .01517%, ,0148%, ,L03&633, ,U5278, +13€90, .N2L%, .00B36, EXT 610
3 .01804, ,N1582, JOLETT?, .04B16, 204267, L02013, .033442, EXT €20
& L02930, L036T7, L0€209, 36911, .O07u75, .03892, ,03484, ExT €20
5 .0x51%, L0968, .05152, 06241, .0€9%7, .06203, .062%5, EXT €40
€ 05614, L05209, ,C4€08, +041S6, .0LLGE/ ExT &¢%0
DATA (RURABS(I &) ,I=1,y 401/ EXT €€
1 ,2494%, L07848y 21943, 01342, .04171, .04427, ,01123, EXT €70
2 01152, <06AIF, 401329, LO6108, .24€90, ,05323, .,D01430, EXT 660
3 03351, L02949, .026%2, .094237, «0BS06, 03248, L4627, EXT E%0
4 +04363, LCuSS7, 42528), ,L05715, .05836, .048¢€1, .05253, EXT 700
5 06171, 07437, .10152, .12019, .12190, 11734, 11411, EXT 710
6  +107686, 09487, .08430, .CT7I4E, ,L06861/ ExT 720
OATA (URBEXT(I,1 ) ,I=1, 40)/ EXT 73u
1 1.80815, 1.63%1F, 1.71867, 1.00000, 77785, 4709%, .30006, EXT 740
¢ 21792, J1v605, 17886, L10127, 416133, 14785, «14000, ExT 7%90
3 o1271%, J11BRD, L, 11234, L10601, 30500, 103c1, 10342, ExT 760
4 JN8766, .086-2, ,11937, 12139, .12797, L0€7S7, L090S7, EXT 77¢
5 08595, ,08°96, ,07563, ,L06636y, ,LO07209, .06042, .07177, ExT 780
6 08354, .0€177, ,L05373, 04728y <0LO051/ EXT 790
DATA (URBEXTIT, I+ +T=1, 40}/ EXT 800
1 1.95582, 1.6499%%, 1.53070y 1,00000, S7TELl4; LUu:2€19, ,2GLAT7, EXT g#t0
2 «2105%1, .18963%, ,17285, 17209, .21418, L15554, .i40%4, ExT Rp:zo
J 42728, .11661, 11083, 411329, 11323, LL0563, 10247, ExT 820
4 08696, L0AIR1, 12013, 12418, .1230., 09614, ,L08842, EXT 84U
5 +084B7, ,0628%5% .T8361, L0B8430, .0B380, 08449, LDBEQ1, EXT 2¢gn
6 407835, L0732% L6367, L05500, QL7477 ExT 8¢l
DATA (URPEXT(ILXV ,I=1, 40)/ EXY 8740
1 1¢96630, 1.64032, 1.52392, 1,00000, ,77709, .&€253, .206G0, ExT 880
2 420310, L179R1, .i16101, ,15614, .264L75, 4154%6, 413563, EXT 8Gu
3 W1221%, 4131, 10500, 11715, L14753, .10392, .U9766, EXT 900
o 208443, ,08057, .10943, ,11342, ,3406%, L08703, ,L,0O8025, EXT 910
6 .07885, .0B032, .°2101, .1007°, .i0386y 09943, L0988C, EXT c<¢20
6 o02152, .08247, L07152, ,L06089, ,05253/ ExY ¢3¢
CATA (URBEXT(LI,4) ,I=1, 640)/ EXT y&0

1 1.41266, 1,22R16; 1.29114k, 1.0000C, +83€46, 455025, .3634Z, EXT €5)
25285, .21576, 18210, L1621%5, 27854, ,2049%&, .16665, ExT cED
+i0778, Lilmu’, L1293, L155¢5, .15709, 13513, 12481, EXT <70
¢11759, .11694, .it487, 11329, ,14108, L,09913, ,09209, EXT 980
L0932, 410120, 13177, 415596, 415756, 415513, ,15203, EXT cog
«16522,  .1%038, .ft785, Li0411, .0910%/ EXT 1000

0ATA (URRABS(T,1) ,T=1, 4l) EXT 4010

NN

~

1 78437, .589/%, .54285, .36184, .29222, L2088K, ,15658, EXT 1020 3
2 ,12329, 11462, 44077, 411797, .10025, LO08759, ,0318i, EXT .620 "
3 L07506, 07006, 496741, L06601, .065L4, ,06449, L068G6Sy EXT 1040 .
fo 06278, 06949, .ITIIE, LC7LEZ, L0002, .052753, .05272, EXT 1350
S 04899, JN4T3hR, SRuhG4, JO0LHLT, L05233, ,04048, 04443, EXT 10€0
6 03994, JLY¥9RY, L"3B%T, L03468, 031667 EXT 1070

DAYA (URBL IS(I,2) ,I=1, @0)/ EXT 1¢80
1 .69073T, J4GIAVy  LL5IKS, 20741, L 24070y 4A73%9, L(1314€, EXT 10¢0
2 1074, LU SR9, LN3025, L104%1, .1540t, ,07880, .06949, EXT 1100

3 L0670, L0609%, LO06R23, L7171, 06797, LO0597%, .06'13%, ExT 1110 '
4  .055:9, .Q0€054, .N7133, LOT404, L07S56y ,05525, 05184, EXT 1120
5 L.05083, .05294, ,058B5, L06380, .0b080, .0€127, 06019, ExT 1130
6 .06625%, ,05070, 04500, 04576y 037417 EXT 1140

DATA (Ulagang(T, ™ ,I=1, &3}/ EXT 1180 ;
1 50843, X710, o 3 I, 421949, 17785, .12968, L0935u, EXT 1160

2 ..07PB4, (J71RT, L0671, ,LO08563, .19639, 06722, .05316, EXT 1170 |
T L,0531h, LOLE!6, O04B2D, LO7T570, 06499, ,.05231, .0510:, EXT 1180 H
4 L0734, 05009 e0h1rly 06570, 06854, L0u8%92, LO0L?S7, €xT 1190
5 JR5057, 05865 « 07127, L080c%, 08441, L(77c8, LO742E, EXT L1200
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6 06825, WNE01G,
DATA (URRARS([T44)
L1%975, .ic0an,
202575, .014TS,
<0810, .03286,
LO0L392,  JNLL7L,
206159, L0TLTS,
»106€018, .00171,
CATA (OCNFXT(I,1)
1,64757h, 1.32R1k,
«4€00by JUZllU,
«2L905, . 21184,
«100%8, 10703,
« 07373, ZCFB?9,
.07734, .0f297,
CATA OCNEXT(T,?}
1.36874, 1,25443,
P5LBB%H, L502LT,
«31658, «274LTE,
L6204, L1L216,
209215, L0937,
« 13506, J11047%,
CAYA (OUNEXT(I43)
1422257 1.14627,
2 72920, LF8G97,
W40551, JhGbT Y,
WLPELRT, L PnPRR,
«193%73,  L1R791,
L27810,  .238¢7,
DATA (OCNFXT(T,4)
1,08123, f.r6ENy,
+ 93671, 292867,
JB8R7RY, 22506,
«82772, LR0278,
5 .15899, 17316,
600NN, .5E1Q7,
CATA {OCNARBN({]1,1)
« 20987, L043%&,
00814, JN166,
. 00500,  .0ChN1,
0167 , 02578,
«011F2, L1082,
02741, JO3800,
DATA {OCNARS(T1,2)
SP37, 03127,
00017, »00911,
02057, +11816,
« 02130, 03766,
#0373 LSl I
«0a551, 209251,
CATA (CCNBRS(T,33
« 13825, L1707,
«01¥35, 00728,
«051itu, L0u3ur,
«CE5R9,  LRETIY,
.0a899, 12481,
e20 738, ,17278,
CATA {QCMATS(T,u)
1 03505, 0N,
2 L0082, 01101,

PN E A - TN E - G NS e
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05222,
2Ty W)/
«0901%,

+ 073546,
«0%040G,
LOLETYL,
«10342,
+« 38063,
$I1=1. 40)/
1.26171,
2832,
167,
«15070,
L0604k,

« N 5481,
211, 40)/
120835,
45038,
0227215,

+ 16955,
«10532 4
» 1Q6GR,

121y 40)/

1.1184c,
L62165,
<7886,
. 24005,
422361,
«20209,
s 121, 40)/
1.0562C,
«90b11,
P TETLT
<56 335,
s 4685k,
« 50267,
y1=1, 40)/
«02850
J01ET7,
L0075,
«03431,
.11070,
2N3753,
yT21, W1/
«02070,
« 01575,
L 01666,
+34532,
SN7EPY,
.N7i68,
1 T=1, 40)
«1013,
«91810,
a0,
VL T2RT,
L17867,
JILET?,
1121, 60) /7
«N0215,
« 03701,

~

LOuS?R,

LUSTES,
JCE24Y,
. 09627,
L0u791,
L12146,
06968,

1.00600,
35076,
16791,
V15665,
04373,
05329,

1,00000,
38209,
+21019,
17087,
12570,
+08291,

1.000060,
49967,
L2974,
22978,
L2818,
(16410,

1.000C6,
«80257,
VbEBUA,
LE3723,
458214,
43576,

.01797,
.03310,
«015€5,
.034CS,
W01963,
34209,

.01297,
«055 76,
206075,
NPEITS
.n97:z8,
L065 06,

W ONBUE,
.0982F,
D1rUnE,
W07329.
22019,
212171

00139,
+ 20101,

s 01Ty s

LOLETL
26690
+ 08557,
04861 4
012177,
«0647S/

«88133,
«L226E
« 21532,
P14€39,
04962,
s0B?41/

+91267,
«50583 ,
27570,
« 16025,
+13000,
«10368 7/

LG4 T6E
67948,
.63367,
L 22766,
L28677,
L14943/

«97506,
« 83222,
178209,
« 51361,
«S8€30,
J3u9uay

0L UBA,
L0380,
. 02983,
«D2E0L,
020632,
7882/

04063,
.23407,
«0804G,
L06715,
.10C67,
.N32037

,00532,
. 17329,
.164638,
. B7449,
222228,
fi24307

L0114,
aTHDS,

<0242k,
«05810,
« 05405
«DUELL,
« 117 24,y

« 70287,
+32278,
«15076,
«10228,
«0F1E8,

. 77089,
W3I76E,
«23057,
a11€E9,
J12€12,

JETE2S,
LEELEE,
.37019,
L17804,
.29082,

PELTEL,
JILLED,
W?75266,
SL7LLS,
+E034B,

L 01768,
L0C7168,
. 00994,
L0160,
. 03171,

L 01285,
» 07949,
SNRBTT,
0305,
W AGEMT,

<0066%,
«f0C703,
s0BT8Y,
«070e5,
. 22051,

00171,
«211€5,

«Q262X,
02285,
FG4576
«05177,
«11325,

LSBT,
.28810,
12057,
L0B83€E7,
Jg7702,

»G4IET,
« 38076,
- 1€944,
«09759,
«14251,

.80413,
+ 54283,
« 30842y
«15316,
+29024,

2942073,
292146,
+H8658 ,
V37196,
YIS

.01582,
00443,
01367,
L01310,
036810,

01193,
. 00905,
J03139,
J03elk,
L0222,

« 00722,
«01268,
206800,
«17962,
221595,

« 00522,
«05234,

EXT
ExXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
ExXT
E€xT
EXT
€Ext
EXT
EXT
EXT
EXT
EXT
EXT
ExT
EXT
EXT
EXT
ExY
EXT
ExT
EXT
EXT
wXT
EXT
EXT
EXT
EXT
FxT
EXT
ExT
(341
EXT
ExT
EXT
EXT
EXT
EXT
ExT
EXT
EXT
exT
EXT
EXT
exT
EXT
EXT
EXT
ExXT
EXY
EXT
EXT
EXY
EXT

124
1220
12130
1240
1e%0
1260
170
1280
1290
1360
1210
1320
1339
13240
1259
1360
1370
1280
1390
1400
1410
1420
1420
1440
1450
14€Q
1470
1480
1490
1500
1510
1520
1520
1540
1559
1%¢€0
1570
1580
isen
1600
1€10
1620
1 €30
1640
1650
1€80
1€70
1680
1e¢Q
17ap
17180
1720
1730
1740
1750
1760
1770
1788
1750
148¢00

E
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1 .1z885, ,11215, 09684, 32810, .31778, .20513, .166%8,
4 .15856, L,15842, .15905, .159€8, .16051, 16506, ,18323,
5 .21709, 25652, « 13222, +39639, 39854, J402S7, 40025,
6 .39025, .I5458, L32005, .27715, ,25348/

CATA (TROEXTUTI,1) ,I=1, 43)/

1 2.21222, 1.82753, 1.,67032, 1.90000, .?2424, +35272, .15234,
Z L0515, ,038h1, 4720994, LG4ETL, ,02467, 01538, 01146,
I .010%2, L0081€, .00861, 00994, +01057, 01139, .01747,
4 S01494, «02U18, oN3165, 0¥38E, .0L247, +G31601, +,01215,
5 ,00977, 00861, 490823, 01119, L01924, .0123%, 01348,
6 01114, 01797, 01266, 401418, +014877

DATA (TOOEXT(I42) ,I=1, 401/

1 2421519, 1.R2266y 1.66557, 100000y 72525, «35481, 15449,
2 J05675, L040L4, 03082, 04620, .05272, 03867, .01266,
3 .01127, 00886, LT0B885, J01449, ,01399, 01278, ,017:z8,
4 01675, ,0228%, .03215, .03494, .04285, ,01652, .01304,
S 01401, 011705 71297, L0173, ,02468, o0i741, 01766,
6 .0151%, .01557, L0145k, ,01572, 01382/

CATA (TROEXT(I,3) ,T=1, 40)/

1 2.19082, 1.754h2Z, 1.6LL56, 1,00000, 73297, .3644Y, 16278,
7 JOEWAB, LOLES®, L.nTTI90, L0GG18, L1192, .02835, .01646,
3 .01386, ,01076, ,00968, .02561, ,02z22, .014€8, ,01690,
¢ 01637, ,0199%, .03127, L03513, .04076, ,01722, +01513,
5 ,01619, .01791, .02538, .03272, 03816, .02028, .028686,
6 L,02551, «02228, .01837, + 01804, L01791i/

DATA (TROEXT(I,4) ,I=1, 80)/

1 1.75696, 1,54889, 1,45962, 1,00000, 77816, +42129, ,21778,
2 .11329, L08101, .05506, 406943, ,25291, ,06816, ,03703,
T ,02601, J01988, J01H68, J049E2, O4ZkT7, 02234, 401797,
4 01572, L0616%2, .02259, 02487, 402595, .01i728, .0189%2,
5 .02399, 02247, ,05285, .064€2, J06608, +05930, .05525,
6 04861, 403753, ,02968, .G23u48, 02165/

DATA (TRCOABSE(I,1) ,T=1, 40)/

1 .69671, .0990¢, LN6563, ,04101, ,03354, .03677, .02810,
2 L00873, 400918, ,00930, 03215, 01285, +00513, ,00316,
3 .00557, 40049%, .NDE4H, LO0BF7, ,00S37, .01025, +01646,
& D1481, 02418, .N2885, 403070, L0032, LCi4Ch, . 1119,
5 .00877%, .LOGBlG, 00797, L0113%, ,01911, ,01215, .01329,
6 .01101, .01291, .11266, .01418, ,0L487/

DATA (TRODBS(I,2Y ,T=1, 4U)7/

1 .es00n, .08791, L0561R, ,03652, .02994, .03278, .02557,
Z .08810, .o0BLZ, 00867, .03139, «03949, ,00646, «00316,y
3 .00595, ,00519, L, O0RWA, 01304, L01247, 401095, .01620,
4 ,01L49, 02778, .02930, .O03184, 04063, .0154k, 0123k,
5 L 010kk, L0407h, 01272, 01741, L02462, 401722, +01747,
6 .01506, 201551, « 1146456, .01532, « 015827

CATA (T20ARS(I,3) ,I=1, 40)/

1 .52804, J06367, .OL153, 402633, ,N2184, .02442, ,01927,
7 L0065%, LOC6LE, .nD709, 402949, ,1001%, .UC968, .0C310,
3 .00677, JGCSEZ, L 0E4b, 02361, 401994, .01266, 01544,
4 01386, .019h8, .N204B, +03203, .03856, ,01Fz0, .0144g,
5 L0142, L01767, .r2c13, L032%3, 03797, L02(1%, .028€1,
6 402538, .0221%, .°193), 40177, L01791/

DATA (TxUARStI, u) ,1=1, 40}/

1 .198°9, .01R4?, ,01215, .UD791, ,OQOEGS, ,LOCT78, 00652,
2 L00%61, .D025%, L00393, .C2570, ,20690, 04715, .00316,
3 .0n873, .0077B, .ND658, LOLWLBI, ,03525, .04646, ,04405,
4 .01310, .01u6B, L0195R, ,L021R4, ,02367, ,01608, ,01816,
5 .e234%, .,031293, ,u523%, L06399. 06538, L058€7, LOGuS6,
6 04817, (CI745, ,"299, ,02335, ,02158/

EXT
EXT
EXT
[0
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
ExT
EXT
EXY
EXT
EXT
EXT
EXT
EXY
EXT
EXT
EXT
EXT
EXT
ExT
EXT
EXT
EXT
EXT
EXT
ExXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
£XT
EXT
EXT
EXT
EXT
ExT
EXT
EXT
ExXT
EXT
EXT
EXT
EXT
EXT
ExT
EXT

1210
1820
1830
1640
1850
1860
187y
1880
1890
1900
1¢€10
1¢z20
1930
1340
1650
19€0
19790
180
160
2060
2010
2020
20 20
2040
2nse
2060
2076
2080
2e<0
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2z e0
2z
2240
2Z°%0
2260
22710
2z80
2z¢0
2200
2:10
21z0
2138
2340
2359
2360
2170
7380
21¢0
7u00
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DATACFGLEXT (1), T=t, 401/ EXT 2u1p
1 98919, 95158, .99989, 1.00000, 1.00576, 1,01747, 1.03177, EXT 2420
2 1.0614F, 1.06626, 1.05323, 1.05886, 1.04899, 1,06823, 1.0780%, EXT 243¢
31409277, 1.10367, 1.1168%, 4410420y 1411767, 1.12686¢, 1,14387, EXT 2440
L 1417279, 1.18278, 1.2013%, 1,21266s 1.21949, 1422677, 1.15589, E€XT 2450
5 1405686, 98201, 1.114205 1.1091%, 1,11462, 144671, 1.16247, EXT 24EQ
6 Le18546, 1.21582, 1+2u€lk, 1.26842y 1.20500/ EXT 2470
DATALFG1ARS (1) yT=1, &N}/ EXT 248g
1 400013, 0.00000, 9400000, 0.00000, 0,06000, 00085, +d1543, EXT 2490
7 108831, 07897, .13277, .4T133, L4Q€96, L4i765, .17¢ig, EXT 2500
T W37373, 601, 71867, 95190, .55025, ,49987, .46342, EXT 2510
G L4596, (%5018, 46083, 66241y 46386, Wu719E, L 489,5, EXT 2€2L
S .51468, 57101, 65266, +58665, .58899, .60367, .61158, EXT 2530
6 .H2335, JA4120y .65RP7, 466278, 4 6E392/ EXT 254D
OATA(FG2EXT (1), Is§, 40)/ EXT 2550
1 .95791, .9€215, 497063, 1.90000, 3.00937, 1.05177, $.13519, EXT 2¢Es
2 1.29570, 1,3°203, 1.641120, 1.06715, 1.10816, 1,432785, 1.45272, EXT 2£70
3 1.18709, 1.06367, 8235k, 71747, 492405, .7O34Z, . 6U2EE, EXT 25£Q
b L47677y 43171, 76734, 433285, 31184, .2k139, 21601, EXT 2590
5 ,2u006: +2PBLR, LZ67L, 236861, 457266, 58089, 57165, EXV 2£00
6 454247, L£TAR1, .34LT5, .PL90S, 19291/ EXT 2610

DATA (762ARS (12,121, b*)/ EXT 2520
1 C,00000, D.NOBY0, D.A0000; 0,066%d, 0.00000, 00013, .00247, EXT 2€30
2 01987, .@0E20, .02323, .17209, .579%0, .1681(, 03475, EXT 2E4L
1 ,0963%, (08000, .06582, .34539, .32703, .1702%5, 12633, EXT 26%0
A 11518, 31677, 11543, 11578, 11601, 17328, .144€8, EXT 2€€D
5 L16633, .28057, L7541, L4488k, L, 45005, 45215, .44278, EXT 2670
6 L1778, LIALET,  LZ7823, 21063, 17897/ EXT 2eep
OATA(SSTEXTC(I),I=1, &7}/ EX) 2690
1 1,48571, 1465462, 1.5150%, 51.00000, .70633, ,286€7, .0999u, EXT 2760
Z J0s184, ,02728, L,"1848, .0i335, .05543, .06930, .06532, EXT 2710
3 .06766, ,5u278, ,0581), .C5367, 04392, 03342, 04456, EXT 2720
4 L11867, L1679, L1773, 08204, .08778, JuUnOi:, 04070, EXT 2730
5 405734, 076, .01975, L01832, ,I1956, JGIEES, 04152, EXT 274G
6 01715, ,D1620, 00835, L00633, 09585/ EXT 2758
CATA(BSTABS(I),I=1, 40)/ EXT 2760
1 9,00000, 0,00000, 0,00000, 0,000L0, 0.00000, 0.00200, .000i9, EXT 2770
2 .00127y (00158, 400291, 00405, 05880, 66237, L06019, EXT 2780
3 .04519, 40.13%, .0570%, .05266, 04704, .03265, +04437, EXT P76y
4 41181, ,14h33, ,12639, ,09215, ,08727, J0696E, 04044, EXT 2800
§ 05709, P31, .51952, .01892, ,01949, 03665, .04146, EXT 2810
6 01704, LG1520, L7833, 400633, ,00589/ EXT 2620
CATA(AYOEXT (I1,I=1, 40)/7 EXT 2830
1 1.14880, 1.19471, 1.1801%, 1,00000, .B4A73, .S301S, .27968, EXT 2840
2 e14551, L1107P, ,"8E33, (7184, 06976, 04506, .03389, EXT 2850
3 .0pz0a%, 01718, ,01P66, 01019, .00994, .01064, 07361, EXT 28€C
4 ,01791. L0778, 02°18, 0?3108, .03234, 03456, 03,86, EXT 2870
S .02772, L0247, S0171%. 01563, L01F65, o0L6GE, .d3734, EXT 2080
6 01777, 01075, 01051, 01137, 01229/ EXT 2890
DAT2CAVOAES (11,121, 40) ¢ EXT 2¢00
1 .L6816, .11263, ,"8%00, 05277, L04DBZ, 02549, L0i4é7. EXT 2910
2 ,0118, LOUBBT, ,JUB4Z, 4[0B42, (0023, LE(741, ,0O48V, EXT 2520
T L0034, .0033%, ,70333, L0049, 00525, .006€5, 01114, EXT 2830
4 L0157, ,021*7, .02637. .02€UE, ,02658, 407006, 02861, EXT 2940
5 .0251%, LOP2AG, LT1620, L01522, +O1€33, L0i0620; evi769, EXT 2950
6 01764, 01057, 010, ,01427, 401229/ EXT 25€0
DATBLFYDEXT (1) o T=1, &0) 4 SXT 2870
1 W 68715, ,97532, LQLOL3, 1.00000, L.03013, 1.05%¢5, 1401471, EXT 2987
2 .3BB77, LEi5¥R, L7B3Bi, L7156%, .E24Z4, JE05EC, 55057, EXT 25€0
3 ,65272, LIT6uR, L T2T6, 425519, 22728, o205i5, 17810, EXV 1000

144
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b L4481, L1452, LTTEIF, L445%1, LLW4DS, L 42EE2, J3IFGER, ExT 3010
S ,3255%, .27519, .16728, .10627, .10861, .10A%c, 11665, EXT 3020

6 J13327, .10i08, ,nass5?, »0hb11, 057417 €XT 3IcWD
DATA(FVNARS(T),T=1, 4nr)/ EXT 3040

1 .uis8z, «22892, .19108, JiubER, .12075, .09158, L06601, EXT 3050

2 L0494, LU43R7, LO04L3L?2, ,0L399, 205076, .0L132, «02829, EXT 3J0€Q

3 201924 «01981, ,02297, L02475, 02778, 03411, L05331%, EXT 3970

4 -, 0713%, «0881¢€, +15342, ,i8%0¢, ,19354, .,207¢1, +18449, EXT 3080

5 «16101, +13758, »0BULSS, «06886, « 07278, +073€T7, ,07956, EXT 30690

6 08789, +0E032, «"5747, 45113, 05123/ EXT 160
CATA(DMEFXT(T)4T=1, &4M)/ £EXT 3110

1 1.05019, 1.05880, 1.05259, 1,00000, ,SuS%49, .E&14%5€, .b€lbi, EXT 3120

2 a54380, «4<113, aH4uE77,y 41674, ,28063, L34778, «32804, EXT 33130

3 429722y 427506, 425082, 4226206, 4?1652, 420253, +17266, EXT 3140

4 ,14905, Jil4224, L,14082, ,L1S0%57, ,16298, .23508, .2L4BY, EXT 3is0C

S «27791, .?5076hy, 15272y L09601, .09456, +46576;, L412373, EXT 2160

6 J18348, 12199, 412924, L0B538, . 0Wi08/ EXT 3170

OATA (DMEAES (1) ,I=1y &0)/ EXT 3180

1 .000K7, 00152, «N0184, »00506, 00791, +0182%y 03728, EXT 2190

2 .061%8, ."7c338, «U894L3, »100%%, 11614, 413210, «14348, EXT 3z00

3 14533, 12728, e124b2, .11184, ,10709, .1Ff076, .09006, EXT 2Z24¢

4 LORT34, ,0%000, L10304, .1130%, 13437, 419551, L20095, EXT 3220

5 ,22u404, JA1BLAR, 692365, +0EBES, «06823, 412329, .10551, EXT 3230

6 +1E184, L0CAG, +10582, LL6759, 03247/ EXT 2zud
RETURN EXT 3240

cce EXT 3260
C€CC ALYITUDE RECGICNS FOR AEROSOL EXTIMNCYICN CCEFFICIENTS XY 3273
cce EXT 3ze0
cee EXT 3290
ccc L ~2KHM EXT 3300
cce RURFXT=RURAL FXTINCTION RURABS=RURAL AESORPTION EXT 33190
cce URPEXT=YORAN FXTINCTION URBABS=URBAN ARSORPTION EXT 3320
cCce OCNEXT=MARIVIME EXTINCTION OCNABS=MARITIME ABSORPTICN EXT 3330
€co TROSXT=TONPSPUER EXTINCTION TPOARS=TROFQSFHER ABSORFTIOM EXT 3240
cce FCLEXYT=FOG1 L2KM VIS EXTIMTION FG1ABS=FOG1 ABSORPTION EXT #2¢c0
CCcC FCIEXT=FOG? 5KM VIS EXTINCTION FGZ2ABS=FOGZ ASSORPTION EXT 323¢0
cce >7=QKM EXT 3270
cCceC TROFXT=TROFOSPHER EXTINCTION TROASS=TROFPOSPHER ABSORPTICNEXT 3:80
cce >9-30KM EXT 3190
cce BSTEXT=2ACKLPOUND 5 RATOSPHERIC EXTINCTION EXT 2400
cCC ASTARC=QACKGROUND S RATOSFHERIC ABSORPTION EXT 3410
cec AVOEXT=AGTD VOLCANI( EXTIMNCTICN EXT Juzt
o AVCATC=AGFN YNLCANIC ABSQOEPTION EXT 3420
CCcC FVOEXT=FRESH YOLCANIC EXTINCTION EXT 3440
cce FVCARS=FRESH VOLGANIC ABSORPTION EXY 3450
cce >35-17C KM EXT 34ED
Cco CHEEXT=METENRIC DUST EXTINCTION * EXT 3470
cce PMEARS=HMETEQRIC DUST ABSORPTION EXT Juéo

END EXT 3490
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SUSROUTINE FATH PAT 10
4 REVISEPN 12 CFC 79 PAT  ZO
¢ LOADS CUMULATIVE ABSORBFR AHMOUNTS INTO THE MATRIX hFATH FROM WLAY PAT 20
3 4 FOR THFE ATMOSPHFRIC SLANT PATH PAT 40
) [ USED FOR RAPTANCE CALCULATIGNS PAT €0
[ PAT €0
COMMON /CARE1/ MONFL, THAZE y ITYPE JLENAJP yIM, M1,ME M3 ,ML,y TEMISS,RO PAT 70
1 ,TRCUND, TSEASN, TVULCN,VIS PAT &0
COMMON /CARC2/ H1,H2,ANGLT  PANGE ,BETA yHFIN, RE PAT  €C
’ COMMON /CARNT/ W{,VZ,PV,AVN,CO,CHR{15),E(15),C8,F] PAT 1cCO0
E ] COMMON /CNTRL/ LENSToKMAXy M TJyJ1sJ2y JMIN,JEXTRA,TLIKHAX,NLLyNF1 PAT 419
& 1 TFINDy MLy TKRLD PAT 120
5 COMMON ZMDATAZ 7(%4) 4P (743414 V (743340 yWH(T y304) 4NC(7434) PAT 130
k 1, SEASNE2Y, VULTN (5), VSR (3} ,HZ(15) JHMIX (24} PAT 140
b COMMON RELHUF(X4) ;HSTOR(34) ;EHC15,36) , TCH(4) , VP 115) ,TX(15) PAT 150
COMMON MLAY ( T4y 415) yHFATH(5R,15),TRABY(66) PA. 160
COMMON ABSC (L, 403, EXYTU L 40) 5 VX2 (40) PAY 178
IF (ITYPE.EQ,1) GI Y0 6D PAT 180
TF (J1.FG.J2,8ND. UL, EQ.IUMIND GO TO 60 PAT 150
IF (ITYPE,E0, 2, 8NN H1,EQ.H2) J2=J1 PAT 200
IF (H2.GT4H1,AND ANGLE 6T+ 8Cs +ANDLNPLLECL L) JizUi-1 PAT 2310
TF (JEXTPB,EQ.1) JZsJ2+1 PAT 220
IF ((ITYPF,EQ.2) ¢ BNDW (H1,3T,H2) JAND.(LENSTLEG,1)) J23J2=1 FAT 230
IF (ITYPE.EC.?) J2=NL PAT  ZuD
Ir (JPLER MY PEINT 20, Ji,J2 PAT Z:C
IF (JP.F0.0) PRINT 75 PAT 260 :
D0 5 IK=1,68 PRT 270 <
TRAY(IK) =0, PAT 280 E
00 & K=1,KHPX FAT 290 4
HPATH(IK,K¥=04 PAT 300 E]
5 CONTINUE PAT 310 E
LEN=P PAT 220 4
NLL=NL-1 PAT 330 n
IL=u1+1 PAT  3up .
TJsIL+NLL PRY  1:¢ |G
CO 10 K=1,KMAYX PAT  2&0 3
E(K)=8. pPAT 37p v3
10 CONTINUE PAT leg T3
IF (ANGLELGT.60.1) GO TO 165 PAT 360 ! &
LEN=1. PAT 400 I
IL=Ji-1 PAT 410 o
HUIN=14 1€~E PAT 420 U3
TJ=NLL PAT 410 .
15 CONTINUE PAT 4D =
DO 40 IK=1,¢€8 PAT 450 E]
IF (LEN.EO.t, IL=TL-1 PAT  y&D ¥
IF (LENGFG,1) IL=JL+1 PAT 470 2
TJaTd-1 PAT 48D 3
IF (IL,EQ,0) €O TD &N PAT 490 3
0O 20 K=1,kKvpX PAT 500 !
H(KY ZE (KD +HLAY {1L,K) PaT 43 ]
HPATH(TK, K) =H{K) PaT  tb ]
20 CONTINUS AT €20 H
IF (IL.LE.0.OF.TL,GF,HL) GO TO 25 PAT 540 é
TBAR=(T{H, TLY 4T (M, TL+1) )20, 5 PAT 550 3
IF(MLGTaNeANT Mai Te?) TOARZ(TG 1y IL) ¢ T(HL, IL+10 %05 PAT €680 g
¢ PAT 570 4
c IF (JEXTRALEN,(1) TBART(T(M,J1)+T(M,J1+41))*0,.5 PAT 580 3
25 CONTIRUT PAT Eag s
TEAYLIX) =7 epR PAT 00 i
!
ke

S0 i e i, BTN e

'
.

; K
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DO 30 K=1,KMAX PAT 610
E(KY=H (K] PAT 620

39 CONTINUS PAT 630
IF (ANARLF.LE.90.0.ANC.IL.Z0.NLL) GO TO 50 PAT  €ud

IF (ITYPF.EC. 7. ANJ ANFLE,LE.20.8) GO TC 35 PAT €50

IF (ITYPF,FCy2,AND . ENuEQy 24AND,IL. EGsd2) GO TO 50 PAT 660

IF (ITYPELEN,2.AND.LENST.EQH0.AND.TL.EQ.J2) GO TO S0 PAT €70

IF CIL,EQ, JFIN, AND, HMINGT 0400 LEN=1 PAT  €r0

IF (TL.E0.1.AND,UMIN.L.0,0) GO TC 50 PAT €90

IF (LEN.€C.0) GO YO 35 PAT 700

IF (IL.C0. JMIN,ANDGTJL EQeIL#NLL) IL=1L~1 PAT 716

IF (ITYPE.EQ,Z.AND,IL.EQ.J2) GO TG 50 BAT 720

15 CONTINUE PAT 730
IF(JP.EQLO)FRINT 80, IK,(APATH(IK:K),K=1,85,WPATH(IK,10), PAT 740
1HPATHIIK, 11), TBRY( TKY PAT 750
40 CONTINUE PAT 760
TKMAX=6R PAT 770
LEN=LENST PAT 780

IF (JPWNF.0) RETUBN PAT 790
PRINT 8% PAT 800

00 45 IK=1,TKMAY PAT 810

45 PRINT €0, TKy (MPATG(IK,K), K=12,14) PAT 820
RETURN PAT 820

50 CONTINUE PAT &40
IS(UPLEN. £) PRINT 8%, TK,( WPATH (IK,K} yK=1,8) yHPATH(IK,10) PAT 250

1 JHPATHM(TK,11),TRAY(IK) PAT 8¢l
IKNEX=IK PAT 870
LEN=LENST PAT 880

IF (JP.NE.0) PETUPN PAT eog
PRINT 85 PAT 9l

00 55 TK=1,TKMAX PAT 910

55 PRINT 80, 1K, (WPATHCIK,Ki,K=12,14) PAT <20
RETURN PAT 910

60 DO 65 K=1,KMAX PAT 940
WPATH LK) = KL KD PAT €50

65 CONTINUF PAT <€D
IF (M.ER,C) J1=1 PAT €70
Jz=Jd1 PAT 980
TEBY (1) =T(H,J41) PAT 990
IF(M14GT.0LANC.M LT, ?) TBBY (1)=T{M1,J1) PAT 1000
TKMAX=L PAT 1010
IFCJP.EN.0) PRINT 70, J1,)2 PAT 1020
IF(JPLEN.0) PRINT 75 PAT 1030
IK=1 PAT $040
IKMAY=TK PAT 1050
IF{JP.EN.0) PRINT 80, IKy(WPATHUIK,K) K=1,8) JHPATH(IKy10), PAT 10€0

1 WPATHUIK ,11) ,TRAY (TK) PAT 1370
HHIN=1,0E-5 PAT 1080

TF (JPLNE, 0) RETURN PAT 106¢
PRINT A% PAT 1100
FRINT B, IK, (HPATH(IX,K)yKZ12,14) PAT 1110
RETURN PAT 1120

C PAT 1130
70 FORMAT (91?%) PAT 1140

75 FORMAT (//,20X,534 TUMULATIVE ABSCRBER AMOUNTS FCR THE ATHMOSPHERILPAT 11%)
1 PATH,//716X yZHH20,B6X,4HED2 4 ,8X,2HCI,9X, 2HN2, BX, 5HH20 Cs 6X, SHHOL 5,PAT 1160

27X, 4HATD 1, 6X, SHOX UV, TX,54HZ0 €, 7%, 44HNOZ .5 X y4H TAVE} FOT 1170
80 FORMAT (IF,1P10E11.3,0PF10, ) PAT 1180
85 FORMAT (/7,2X,2HIN 46X, 4 HAZR2,7X, 4HAER 3, T Xy kHAER 4} PAT 1190

END PAT 1200
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AOOD

SUBROUT INE TRANS

REVISED 14 JAN 1980

CALCULATES TRANSMITTANGE GND RADIANCE VALUES BETHEEN Vi AND

FOR A GIVEN A#TUOSPHERIZ SLANT PATH

vz

COMMON ZCARC1/ MODEL yTHAZE, ITYPE,LEN, JP, TMy ML M2y M3 skl IENISS,RO

i ,TBOUNN, ISEASN, IVULCN,VIS

COMMON /CARC2/ H1,H? , ANGLT y RANGEBETA, HHINy RE

COMMON /CAPCLI/ VI1,V2, "V ,AVW,CO,CH,HI15) 4L (L5),CAHFI

COHMMON /CNTRL/ LENST yXMAXyM,TJyJ1,J2 3 JMIN,JEXTRAyILy IKMAX,NLLyNF1

1y IFINDy NL, TKLO

COMMON /MDATAZ Z124L) 4P (7,34),T(7,3&),HH{7,34),H0(7,24)

1 »SEASN(2), VULCN(R), ¥SB(9} ,HZ (15) sHMIX(I4)

COMMON RELHUMOZL) yHSTOR(34) JEH 15, X4) , ICH(4) 4 VHI15)} 4TX(15)

COMMON WLAY (Xh,165) JHFATH(38,15),TBAY(68)

CUMMON ADSC b, 400 yEXTO (4,040) 4 VX2(40)
COMNON ZTRFHFQO/ TR(FT),FH{BT},FO(ET)
COMMON /CuCoCR7 Cu(13),C5(15),C8(102)

COMHON ZBAER/ XX1 1 XX2 g XX IgXXly YY1y YY2, YV I, YV U

DIMENSYON 28BS (15)

FFR(T V) =1.12005RE=-1A*IV3*5) /(EXP(1,0L3879%V/T)-1,)

WATTS, CM~2 $T=1 YICRON-1{
RADMIN=14CE+30P
RADMAX= 9,
VRMIN=D,
VRMAX=G .
SUMA=0,
RADSUMN=0,
FACTQP=0.%
CALL CuDTA
CALL TRFN
TVi=V1/5.
IVZ=V¥2/6, 4,99
IVi=IVi*5
IvVZ=IV2*E
IF (IVL,LT,250) Jvi=250
IF (IV2.67,50000) IV2=50000
IF (DV.LT.5) Cy=¢
10V=0V
Iv=Ivi-Iny
ICOUNT=9

BEGINING OF TRANSMITTANCE CALCULATIONS
iv=IveIoy .
SUMV= 0,
TLOLD=M,
TSOLD=1,
IKLO=1
IF (IEMISS.50.0) IKMAX=IKLO
N0 10 JK=1,11
ARS (JKI=0.
IF (JXLLE.T) ABS{JKI=-5.
CONTINUE
IF €JP,NE,D) 60 TO 20
IF (ICOUNT.SG,0) GO Ta 15
IF {ICOUNT,EN, 6"} 6O TO 15
G¢ TO 29
YLOUNT=9
IF (IEMISS.EN.O) PRINT 255
00 25 K=1,KHAX
TX(KI=0,0

TRA
TRA
TRA
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IF (K.tT.4) TXIK)=1.90 TRA €12

25 CONTIRUE TRA €20
ICOUNT=ICOUNT+1 TRA €30
SuM=0,0 TRA €40

v=IV . TRA 650

I= (IV-250) /541 TRA €60

c BARARREABEE L IREIR AN HN03 TRA E7u
¢ HNO3 ABSORDTION CALCULATIIN TRA 680
CALL HNOY (V,ARS(11)} TRA  6€0

IF (IV.LT,€70) GN Tn Rp TRA 7(C

IF (IV.LE.2000) 63 TH &S TRA  7i0

c ®*s  MOLECULAR SCATTERINS TR 720
ABS(4)V894/(9_26799E+18-1.0712JE+094Ven2) TRA 720

IF (IV.1T.9:7Cs GO TO €6 TRA 70

IF (IVeLT.12070) 50 TO €5 TRA 750

c *¥% UV D70NE TRE 760
IF (IV.LE.22400) 50 TO 30 TRA 770

IF (IV.GE.27500) 30 Tn 25 TRA 780

6L TO 110 TRA 790

30 XI=(V-1%000,0)/200,0+1, TRA 800
60 TO 40 TRA 810

35 XI=(V-275.0.0) /50" 4+57, TRA 820

40 N=XI+1.001 TRA #30
XD= xT-FL OAT (N) TRA 840
ABS(B)=C8IN)I+XD* {CBI(N) ~CBIN=1}) TRA RE0

IF (IV.6T.14500) 50 To 110 TRA 8€0

60 T0 65 TRA 870

¢ TEY  WATER VAFOR CONTTNUUM 10 MICRON REGION TRA- 880
45 IF (IV.6T,1750) €3 YO 50 TRA 890
ABS (51 (4. 1E+E5T8, D*EXP (=7 ,ETE=T8Y)) TRA 900

60 To 55 TRA G1u

50 IF (IV.LT.?350) GI TO 60 TRA 920

C #ce WATER VAPOR CONTINUUY 4 HICRON REGICH TRA 9120
XI=(Y-2IE0,C1/50,041,0 TRA €40
NH=XI+1,0r4 TRA €50
XH=XT-FLOAT (NH) TRA  9E0
A8S(10)=C5(NH) +XH* (CS (NH}-CS(NH-1)) TRA €70

65 CONTINUE TRA 980

IF (IV.LE,1350.0R. IV.GT.2740) GO TO 80 TRA  €€0

c #s%x  NITPDGEK FONTINUUM TRA 1000
60 IF (IV.LT,2¢(80) 62 TO &0 TRA 1€1C
Ki=1-346 TRA 1020

ABS (&) =C6 (X4} TRA 10130

GQ TO B9 TRA 1049

c *E¥ WATEFR VAPOUR TRA 10%0
65 If (IVeLT.,12800.8N0.TV,GE,9875) GG TO 70 TRA 10€0

IF (IV.LF,165204AND.IV.GE. 13400} GO TC 75 TRA 1070

G2 TO 86 TRA 1020

70 I=1-135 TRA 1090

GO TO ®0 TRA 1160

75 I=I-25% TRA 1110

BO CALL C10T4 (ARS(1),T) TR 1120

85 CONTINUE TRA 1130

c s UNIFORMLY MIXLC GASES TRA 1140
IF 4IV,LT.9%€r,AND,T¥Y,. GE450C) 50 T0 9° TRA 1150

IF (IV.LT. 17190, AND. IV, GT.12970) GO TO 95 TRA 11€0

G0 TO to0s TRA 1170

99 J=1-30 TRA 1180

60 TO 100 TRA 1190

95 J=(IV-~12950)/5+1516 TRA 1200

189

5




Table Al. Listing of Fortran Code LOWTRAN 5 (Cont,)

—

100
105

110

i15
120

125

150
155

160
165

CALL C20TA (ARS(2),)

CONTINUE

axe 070NE

IF (IVeLT,R75,0R, IV.GT,3270) GO TC 110
L=I=45

CALL C£30TA (ARS(T),L)

CONT INUE

CALL 4EREXT (V)

00 210 IK=IKLO,IK9AY

IF (TEMISS,EQ,0) GO TO 120

00 115 K=1,KMAY

H(K)SWPBTH(IK,K)

CONTINUE

CONT INVE

sUM=0,

L0 125 J¥=h,11

TX(JK)=BBS (YK)*H {JK)

SUM=SUM+T X( JK)

TX(5)=TXLE) ¢TX(L )

TX(1)=1,0

Ki=1

IF (W1} L. T,1.05=-20) GO T 145

IF {AAS(1) LE.=-6,M) GN TO 145
HS1=ALOGIS (W(1)Y +aBS (1)

IF (WS1aLTy~243UE8) TX(1)21.~,0B87787PEXF(1,855565*0HE1)
IF (WS1.LT.-2.3LFRY GO TD 4%

IF (HS1.GT.3.56R2) 30 TO 140

TF (HS1.GT.2.0) Ki=40

D0 130 ¥=Ki,6”

IF (WSL1.LE.FHIK)} GD TO 135

CONTINUE

TX(LI =P ROK) AUTRIK-1) ~TR(K) ) *(FN(K) ~NS1) /{FH (K} ~FK(K-1))
60 TO 145

TX(1)=0.0

CONTTNUE

TX(2)=1.0

Ki=1

IF (H{2)eLT41.0F=-20) GO TD 165

IF (ARS{2),LE«=5.0) GO TO 165
HS2:AL0G10 (W(2)) & RS (2)

IF (WS2,L7a=2.T6€E3) TX(2)=1.=,08P787*EXP(1,8555¢c5%0s2)
IF (WS2.,LT.-2.346R) GO TO 165

IF (WS2.GT.3.5682) 30 TO0 16C

IF (WS2,GT.2,0) Ki=4t

00 150 K=K1,67

IF (WS2,LE.FHLK)) GO YO 155

CONTINUE

TX(P)=TRIKY +(TR(K-1) ~TR(K) ) *(FH(X) =WS2) /(FW (K} ~-FH(K=-1}}
GO TC 165

TX{2)=0.0

CONTTNUE

TX(3) =1,

Kiz1

IF (H{X)LT41.7F=2C) GO T3 18%

IF (ARS(X),LE.~5,0) GO TO 385

WSz ALOGIC (W()) +a RS (T)

IF (WSX LT, ~1.6778) TX(X=1.~.055{9L%EXP(2,3€7853YKET)
IF (WS3,LT+-1.6778) GO TO 185

IF (WST,6T.7,9364%) 50 TO 18¢C

IF (NSTeGTe145) Ki=28

TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRa
TRF
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
THA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRR
TRA
TRA
TRA
TRA

124G
1220
1230
1240
1250
1260
12?0
1280
1290
1300
1310
1220
1330
1240
12380
13€0
1270
1380
1390
1400
1410
140
1430
1440
1680
14€Q
1470
1480
1490
1500
1510
1520
1230
1540
1650
1€€0
1570
1600
1590
1€00
1e10
1€20
1630
1640
1€90
1660
1670
1€80
1€€0
1700
1710
e
1730
1740
1750
17€0
1776
1780
1790
1800




Table Al. listing of Fortran Code LOWTRAN 5 (Cont,)

170
175

180
185

190
195

200
205

210
215

220

00 170 K=K1,67 TRA
IF (WSTLLELFO(K))Y GO TO 475 TRA
CONTINUZ TRA
T3 =TRUK) ~{TRIK) -TRIK~1)) *(FO(K)~HS3) /{FO(KI-FO(K~1)) TRA
GO To 185 TRA
TX(3) =0, 0 TRA
CONTINUE TRA
TXCLOI=YY LR R(T) AW 2 ROV YYIPRIL ) +Y YA H(14) TRA
TXCTI=XHL FHA(T I UN2 HH (L 2) XX I R (L3I +XXL*H{16) TRA
SUM=SUM+T X(7) TRA
TX(9) =SUM TRA
DO 205 K=u,KMAX TRA
IF (TX(K) ,EQ.0,0) GO TO 135 TRA
IF (TX{KI.LE,0.1) GO TO 190 TRA
IF CTX(K).GT.20.) 623 TO 200 TRA
TX(KY=EXP(~TX (K}) TRA
G0 To 205 TRA
TX(KIZ1.0=-TX(K)# N R¥TX (K) *T X(K) TRA
GO TO 20% TRA
TX(KY=1,0 TRA
GO TO 20% TRA
TX(K)=0. TRA
CONTINUE TRA
TX() =TX (1) *TX{P)I*TX(3) *TX (D) TRA
IF (IV.GT,120C000 TXC2)=TX(8) TRA
ALAM=1.E+04/Y TRA
IF {IEMISS.EQ.0) 30 Tn 220 TRA
BBIK=FF(TRAY (IK) V) TRA
TLNEW=(TX(*TX(LM)) Z{TX(7) *TX(6)) TRA
TSNEW=C(TX(7I*TX(6))/TXCI0) TRA
OTAU=TLOLD=TLNEW TRA
IF (OTAUGLT «14,0€E-S+AHDy) TLNEM, LTo1 0E-S) GC TO 21€ TRA
SUMV=SUMV +0 ,5*BAIX*DTAU¥ (TSOLD+TSNENW) TRA
TLOLD=TLNEW TRA
TSOLO=TSNEMR TRA
CONT INUE TRA
CONTINUE TRA
TAUG=0 TRA
IF (HMINJLE«7.0, AND,ILLEQ.1) TAUG=TX{(9) TRA
T1=TROUND TRA
83G=FF(T1,VI*TAUG TRA
If (HMINLLE.0.0) SUMY=SUMv+BBG TRA
SUMVVY=SUMYV TRA
JF (IV.GT.IVi) FACTOUR=1.0 TRA
IF (IVeGE, IV2) FACTOR=0,5 TRA
SUMY= (1,07 404 /V**2) *SUMY TRA
RADSUM=RALSUMDYRFASTOR®SUNMY TRA
IF {JP,E0Q,0) FRINT 265, \,ALAM,SUNV,SUMVY,RADSUM,TX(9) TRA
IF (SUMV,CF,RBOMAX) VRMEX:=V TRA
IF (SUMY,GE.RADMAX) RADMAX=SUMY TRA
IF (SUMV,LE,RACHIN) VRMINEV TRA
If (SUMV,LE.QRADMIN) RAODMIN=SUMY TRA
WRITT (742353 V,ALAH,SUNV,SUNYV,RADSLF,TX () TRa
TX(10)=1.,-TX{10) TRA
AB=1,=TXI(3) TRA
IF (IV,SQ,IV1,0R.IV.EFQ,IV2) AB=0,5%A8 TRA
SUMA=SUMAs ARSI TY TRA
IF (TEMISS.EQ.31)Y GO TO 225 TRA
IF (JP,EQ.0) WRITE (6,2600 IV,ALAH,TX(9)y (TXIK) yK=1,7),TX(10),SUFATRA
1,TX(14) TRA

191

1810
1¢20
180
1840
1850
18€0
1870
1680
18¢0
1¢c0
1910
i9z0
1€20
1940
1950
1960
1970
1980
1990
2000
2010
2uzo
2030
2040
20590
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
21€0
2170
2180
21€0
2760
2210
2e20
2230
2240
2280
22€0
2270
2280
22¢0
23200
2340
2220

21311
Fa

2340
22150
2360
2370
2380
23990
2400
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont, )

¢ IF(JP,SQ,0) WPITE (6,4AY) IV,ALAM,EXTINC,ABSORR TRA 2610

WRITE «7,260) IV,ALAM,TX(I),(TX(K),K=1,7),TX(10),TX(11) TRA 2420

225 CONTINUE TRA 2430

I6 (IVeGE.IVZ) GO T3 =3¢ TRA 2440

G0 Ta 5 TRA 2450

230 AB=1,0-SUMA/FLOATCIV-TV1) TRA 206t0

PRINT 245, IV1,TV,SUMb,AB TRA 2470

IF (IEMISS.EQ.1) PRINT 250, RADSUM;VRMIN,RADMIN s VFMAX,RADMAX TRA 2ue0
RETURN ) TRA 2499 7

c TRA 2500

235 FORMAT (FBa1,F13.5,3E13.5,F13.6) TRA 2510
240 FORMAT(IE,14F9, 4,5X,FO,4) TRA 2520 :
245 FORMAT (27H TINTEGIATED ABSORPTION FROM,I5,3H TQ,15,7H CM=~1 =,F10.2TRA 2520 H
1,23HAVERAGE TRANSUITTANCE =,F6,4) TRA 2540 4
250 FORMAT (Z2H INTEGRATFD RADIANCE =,E12.5,13HWATY €N -2 SR,/7H RADMITRA 2¢50 3

INSF12.3,612.5,/748H RADHAX ,$12,23,£12,5) TRA 25€0

255 FORMAT (1H1,/10%X,32H FREQ WAVELENGTH TOTAL H2C,5X,4HC024,45X,TRA 2570
164HOZONE N2 CONT 470 COVT MOL SCAT AERQSOL AEROSOL  INTEGRATETRA 2580 ]

2Dy12H NITRIC ACIO/11X,14H CH~1 MICRONS,8(4X,SHTRANS) ,4X,204 ABS TRA 26¢0

3 ABSORPTION ,4X, S4TRANS) TRA 2600
260 FORMAT (10X ,16,10°9,4,Fi4,4,F9,4) TPA 2610 E

265 FORMAT (30X,FE,14F13.5,3613.5,F13.6) TRA 2€20

END TRA 2€30

192
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Listing of Fortran Code

LOWTRAN § (Cont,)

c

WML AN

SUBRGUT INS TRFN
LONRTRAN TRANSNITY

TANCE FUNTTIONS

COMMON /TRFHEQ/ TRIGTY ,FH(E?) ,FO(E?)

DATA(TRII) s 1=1,
» 9990, <930,
28600, 49570,
8600, 8400,
«7002, .S800,
« 5600, %200,
<3800, 3600,
«2200, .20C0,
«0600, +0400,
+0040, .00Z0,

DATA(FM(I), I=1,

1-2430468,~2.0262,-1.6990,~1.4815,

DNINE N

=, 3468,
»6128,
1.2672,
1. 6857,
2,0607,
2,4183,
29031, 3.0000,
3,34879, 4914,
DATA(FOC(IY,I=1,

-.10128,

07743,
1 728%,
147340,
201038,
Zot698,

6717
29960y 29940,
«3430, L2300,
w200, 28000,
«HB70, JE4OO,
« 500D, L 480L,
3400, .3200,
<1800, L1600,
+0300, .G200,
-.00%0/
€7)/
~.0855, ,041i4,
8261, 49191,
1.2892, 1.6409,

1.77R2, 11,6261,
214601, 2,1875,
245159, 2.5740,
3.0607y 34,1461,
256R2/

&7}/

1-1,6778,-14%3R0,-1,1192, -.2508,

D@ NSNS N

=a 1074,
« 5563,
1.071%,
1,3979,
1.6721,
2.0607,
2.7853,
3.7076,
RETURN
END

£.0000,

« 435,
l1e1173,
1, 4393,
1.7076,
2, 1206,
2.,9777,
T, 8325,

»19€9,

«7T2643Xy 7924,
1.1614,y 1.2095,
1.4638, 11,4983,
1.7482, 1.7924,
2.197%, 2.2552,
1.1072, 3.2553,
2,05/

1761,

19920,
«9200,
« 7830,
6200,
«4B0dy
3000,
«1400,
. 01512,

-1.,3279,
-15¢3,
1,0000,
1,4959%,
1,8692,
2,230,
7.6284,
242041,

-«8239,
204,
L8673,

1.2480,

15314,

1,8325,

2,3%85,

1, 3617,

193

«9900,
«3100,
«7F00
.6000,
s 4000,
« 2800,
«1200,
eu100,

-1.2007,
2430,
i.07¢<2,
1e 5441,
991491,
242788,
26902,
2,278,

~s 7258,
« 3010,
«9191,

1.2€00,

1,5682,

1.8865,

2.4 313,

30771,

9800,
.8000,
« 7400,
+SB0C,
$4200,
« 2600,
- 1000,
«Coeon,

-.7825,

3324,
141661,
1.59066,
1.,9638,
203263,
247559,
3¢ 2054,

-.4318,
23522,
« 9731,

1,22¢3,

1.e0241,

1.939%,

2.5185,

3. 5563,

+9700,
.8800,
£ 7200,
5€D0,
4000,
«2400,
.jeo00,
<0060,

~+5229,

40838,
1.2422,
106435,
240086,
243717,
2.2261,
3s Jubt,

~.21686,

LE24,
1,1253,
1.3617,
1,€335,
2.0000,
2.6435,
3.6233,

TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
TRF
YRF
TRF
TRF

10
20
30
40
€0
EQ
70
80
90
100
110
120
130
140
156
1€0
170
180
150
200
210
220
z20
240
250
ZED
z78
2890

100
240
320
330
46
150

s
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Table Al. listing of Fortran Code LOWTRAN 5 (Cont,)

H
|
|

SUPROUTING AEREXT (V) ATR 10

c ATR =y
c INTEPPOLATES AERO3OL €XTINCTTON AND ABSORFTICh CCEFFICIENT ATR 30
C FOR TRE ®ALENUNAEFR, V, ATR 40
¢ ATR 50
COMMON /CARC1/ 4O0JEL4THAZZI, ITYPE,LENy JP, I¥) ML ,M2yH3 ML, IEMISS,RO ATR €0

1 ,1B0UND,ISEASN,TVULCN,VIS ATR 70
COMMON /UART2/ H1,H”>,8 NGLE,RANGE, RETA, HMIN, RE ATK ]
COMMON /CARCI/ V1,V2,0V,AVH,C0,CHyH(15) 4E(15),CA4FI ATR 90
COMMUN /CNTRL/ LENST yKMAXy MyTJ,J13J2r JMINyJL XTRApIL, IKMAXy HLLy NP1 ATR 500

1, IFINDy NL,y TKLO ATR 110
COMMON /MDATAY T(T4) 9P (7y3L),T(7436)yWH(7,34),HCI7,24) ATR 120

1 ySEASH(2Y ) VULCNIS) , VSBL9) y HZ (15) yHMIX(24) ATR 120
COMMON RELHUM(3%) ,HSTNR (34 ) ,EH(15,34) 4 ICH (&) yVH(15),TX(15) ATR 140
COMMON WLBY (34,13) yWPATH(58,15),TBBY(68) ATR 1%
COMHON ARSC (,42), FXTr(4,40),VX2(40) ATR 1€d
COMNON /RER/ EXTV(4) 4 ABSV(L) ATR 170

0O & T=1,% ATR 180
EXTV(I) =0, ATR 1¢S0
ASSV(I}=0. ATR zZC6

5 CONTINUE ATR 210

IF (IHA7E.EN, D) RETURN ATR Z:c0
ALAM=1.0FE ¢u/V ATR Z30

DO 10 N=1,40 ATR 240
XD=ALAM=VX2(N) ATR 250

IF (X0) 15,1C,1°7 ATR 260

16 CONTINUZT ATR 270
N=40 ATR 280

15 VXD=VX2{N)-VXZ(N=-1} ATR 29f

DO 20 I=1.4 ATR 3og
EXTV(I)=(EXTC (IyN) -EXTC (I, N-1))*X0O/VXD+EXTC (I,N) ATR 310
BRSV(T) =(ABSC(T,N) ~4BSC(T,N=1))*XT/VXD+ABSC (I,N) ATR 20

20 CONTINUE ATR 220
RETURN ATR 24D

ENOD ATR 350




Table Al, Listing of Furtran Code LOWTRAN 5 (Cont.)

SUBROUTINE KNCZ? (V,MARS) HNO 10

[ HNO 20
¢ HNO3 STATISTICAL 2ANN PARAMETERS HNC e
c HNO [}
OIMENSTON H1(15}, H2116), HI(LY) HNO so

[ ARRAY H1 CONTVATNS HNOT® 283, SOEF(CM-1ATM~1) FROM 850 TO 920 CM-1 HNC 60
OATA H1/2,197,3:911,6,154,8415059,217,9o4€1,11,56€,11,50,21417,1244HND 74
10910,4947.509,6,13694,893,2.866/ HNO a0

Cc ARRAY H” CONTATNS HNCX A93, GCOEF(CM=1ATM=1) FROM 1275 TO1350 GH-2 HNOQ L]
DATA HZ/2, 828,34, 6114€0 755, 8a759,10¢51,13476,18400921051,23409,21,E4N0 100
18,21432,16.82,16.42,17,0875 14.86,8,716/ HNO 118

o ARRAY M2 CONTAINS MNQ? ABS, COEF(CM~1ATM~1) FRON 1€75 TO1735 CM=-1 HNO 120
UATA H3/65.003,8,803,14412519483,23.31,23.58,23.22y23409,26499,25,34N0 120
164,24.79,17.68,9,4207 HNG 40

HABS -0, HNO 150

IF (V.GE.850+C+AND,V.LE.920,0) GO TO 5 HNO  1¢0

IF (VGEe1275.0,AN0,.V.LE,1350,0) GO TO 10 HNO 270

IF {V.GE.16TS,0.ANDP.V.LE,1735,0) GO TO 15 HNQ 180
RFTUPN HNO 190

6 I={V-8K5.)75, HNO 200
HABS=H1 (I} HNO 210
RETURN HRQ 220

10 I=(V=-1270.)/7/5,. HNQ 230
HABS=HZ(I) HNO ZuD
RETURN HNO 250

15 I=(V-1670.) /%, HNO Zel
HABS=H* (I} HND 270
RETURN HNO Z80

END HNG 2c0

195
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Fortran Code LOWTRAN 5 (Cont,)

OO HOOODNO0

el e e - R

SUBROUYINE CICTA (CiL,L}
WATEQ VAFOR

Ct LOCATICN
Ci1 LOCATIOM
C1 LOCATION
Ci1 LOCATION
C1 LOCATION
C1 LOCATION

1

1770
1771
2355
2356
2580

x50 CM
9195 C
98?5 ©
12r9s
12250
14520

Cccaxr<

LI I FO T T |

COHHON /7C1/C4 (2580)

DATA(CI(T), 1=
3.92, 3,72,
3.02, 2.96,
.02y 3.07.,
2462y 2.7,
2.49, 2.17,
1.92, 1.87,
1.39, 1,20,
1.54, 1,7¢,

«BFy W73,
«80« B3,
o169y + 09,
~ol4By ~ol?,
~e50y -2,
=ekly =,32,
=28y =427,
ellsy 423,
W22y W28,
« 7By B8,
1.1, 1.75,

DATA(CL (1), 1=
1.91, 2.08,
?.91y 2,93,
3.59y 3.58,
3. 80, 2.95,
L.35, 4.40,
botQ, L. 46;
3,24y 3407,
4,35, bL.31,
Lolbby Uy4ly
balby 4,004,
3.70y 3.%4,
3.21r Jeil,
2771 2476,
24561 2449,
24159 206,
1.57, 1.57,
1. 06y 1.01,
1.01» «91,

-36» 43,

DATA(CLI(I),I=

1 .38, 427,

2 -434) ~a%4,

A-1.106y~1,22,-

L-1.82,-1498,-

§-24701=2403,~

6-2,529-?,42,-

7-14129~14 01,

8 -4269 =419,

9 bkly W43,

£ .21, 32X,

RN AANRB MM DD NIV N -

RARRBHRBRBPTBOE NI WN -

1,
2,54,
2.97,
.05,
2472,
Ze17,
1.78,
1.2%,
1.12,
53y
se?y
—03
~a Gty
=.39,
TSN}
=410y
226y
«39,
1.01,
1.8%,
134,
Ze2h,
202,
.57,
4eNB,
k.58,
LoD,
.66,
ue? 3
Le 30,
2.99,
Tai40y
3.10,
2487y
7437,
1.98,
1ROy
«92y
.79,
oh®,
381,
229,
- 4T,
1.27,
2,09,
2457,
Ze29,
- 29,
“e13,
ably
P49,

190) 7
3,02, 3.27,
3,00, .08,
J.01, 2,94,
2.7, 2,¢€0,
2,20, 2426y
1.79, 1,81,
1,168, 1 19,
+RGy €9,
W43y o451,
«32; —e08,
~s21y "a 27
~e 19, = L3,
—+38y =437,
-+09y =418,
~e05y melly
«19, 211y
«Shy 68,
1416y 1418,
1.99, 2.05,
380)/
2,01, 2,63,
.16, 2.23,
3.64, 3.74,
L5,y 5402
H.h2y .63,
L,28; 14,
2,80, 3,93,
Le?20y 4426,
LaZ29 4413,
JeJby 3493,
3.30, 3,1,
3408y 3021,
2.M5y ZoEB6y
24259 2418,
2.03, 2,05,
1.563y 1,51,
2 84y «92,
6%y GUT7,
<45, .38,
S0y /
«19, .13,
=.50, -.59,

-1
H-1
LR
CM-1
CM=1
CH=-1

31.37, 3.36, 3.3, 3,:¢5,
3.12, 3,08, 2,03, 3.00,
2,83, 2.7, 2.€2, 2.58,
ety 2435, 2426y 2422,
2034,y 2442, 2.39, 2,20,
1,84, 1.83, 1,00, 1,71,
1418 1421y 1433, 1447,

W49: 460y 71y «79,

B2y €Ty .73, L 80,
“e21y =429y =421y —a01,
~13%5) =430y =431y ~.37,
—efTy =oB3,y =.88, =.79,
“eb0y =aBly =~uE7, =482,
“el6y =419, -,28, =.33,
~a13, =427y =.274 =18,
0,00, =.09, .02, .08,
TSy W79, LT79, 71,
1elly, 1405, 1.02, 1411,
2.03, 2.00, 1.96, 1.9C,

2468, z.67, 2.73, .79,
2,20, 3,34, 3.43; 3,57,
371y 3,69, I €k, 3,604
3499, 3296, 408, 4,13,
Lably 45Ty 4456y 4a66
3.92; 3.62, 3.35, 3,15,
4o 0Dy 4o 0ky 4415,y 4423,
a8y 435y Lok2, 4,42,
o7y bLal2, 4,19, b.coy
3e9iy 3,086, 3.83, 3.B0,
Jal2y 3.52, 3.52, 3,09,
2698y 2488 2,78, 2474,
2475, 2.6b, 2.F0y 2.€1,
Ce08y 2411, 2420y 2,31,
1096, 1.8hy 1.72y 1.6k,
1e38, 1.07, o9, .87,

+97, 1,01, 1.06, 1.10

ohl, 39, 28, .34

227, 423y .22, .29,

«11, .03, -.05, -.12y

~a68y =273y =480y -492y-

3.13,
3.0,
2457
2423,
2.01,
1.51,
1453,

<98,

83,

208,
-—alt2,
~sb0,
458,
=435,
-.06,

.12,

.69,
1.23,
1.86/

2.81,
3059,
Se 68,
4e22,
4453,
3,10,
bedl,
Galit,
4a23,
3.78,
3,61,
2.76,
2.64,
2.28,
1.59,
92,
1.06y
.33,
37/

o lly
1,06,

~1¢2By=1433510229=1,43y-14519p~14639~1474,

~2+749-2,:21,

“RelUy~2027+-24264=2.51,~

2.65,

“2u569-2e59)-Ce€T3~2:69)=2.ETy=2,E8,~2462,

~2+3143572,00,
~eT5y =eE8,
=ally =01,
b3y 4364
«65y 476,

“1e879=1 471 =1 eCly=1.3%-
~aS57y =uhl) =42, =422,
e 05, JOBy o175 425,
« 5, 31 225y 2%y
e71y 4Biy 430, 13y

196

1,27,
-.27,
.31,
.22,
.10,

CiC
t1D
caC
€10
it
€10
Cc10
[ 384
c10
€10
€10
c10
C1pD
C1D
c10
cit
CiD
ci0
¢1c
€10
c10
C10
c10

Ci0
C10

10
20

40

50

60

70

114

<0
100
149
120
120
140
150
160
170
180
190
200
210
220
230

Lol

o

r—m

' i ik

b
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Table Al, Listing of Fortran Code LOWTRAN

5 (Cont, )

el?y W24y, WY,

«63y J64, .66,

by, ,79, L3I0,

87y W62, .64,

«98, 1,17, 1.3%,
1491y 2402y 21 %
1.93, 2.19, 2.208
2451y 2466, 2.73,

«88, .8, .89,
DATALC1(I), I= 571,
2.21, 2,20, 2.3%,
2437y 2433, 2,31,
2el1y 2424, 2.3,
217y 2.41, 2,77,
2049y 2,40, 2.79,
2,82y 2.F1, 2.R4,
Je 00y 34925 3449,
Je71y 3480, 2492y
La22y 4432,y H442y
4037y belly 4413
40259 La27, 4,31,
Le734 baB1l, L,062,y
4412, .18, 4,31,
Lebly, 6,59, 4.5%,
4,09, 3,98, 3,87,
3.51, 3.48, 3,32,
2.59, ?.51, 2.59,
1492, 1,79, 1463,
1.6%, 1,61, 1,60,
DATA(C1(IY, 1= 764,
1 1.,4%, 1,29, 1.19,
< 1.22y 1.08, 1.08,
3 .B1ly, 7y 71,
G afbly W37, a3,
5 -39, -.u5. =.50,
6=1,114=1,19,-1.%8,
T=1.61y=1.60,-1.58,
& -.71, -.€1, -.52,
9 =e1%y =417, -,19,
$ ~,44,y -,51, -,48,
§ ~etBy ~e7%,~1.173,
€ ~eB88; -4B6; -.65
§ =e70y =59,y -.0X,
$ ~ab2y =452y ~.52y
3 ~.?6y =473, -,224
$ - b2y -.b3, -,u6,
T 32y WLy 02,
$ JES, Ty, L7,
$ t.06, 1.15, 1,22,
OATA(C1(1), 1= o8y,
2,01y 1.92, 1,8F,
2.70y 2,71y 2,76,
3.23, 3.20, 2,10,
3039y TeTNy Zabi,
?.98, 2,86, Z.92
TaT6, 3.62, 3,7,
3.33, %51, tu8,
3.6y, 3,47, .19,
3,10y 2,72, Z,81,
2a042y 2,37, 2.73,

LR RN N NN NN Y

PO BBR R BN IW O NI LN

WO DN LN

« 18y <85y, o951,
«6F) W76, ST5,
+37, .38, 42,
«F8, .78y «90,
1.529 170 176
210y 2.18, 2.22,
24164y 2415y 2422y
2468 2.69) 2.€4,
1.23, 1,62 1482,
7T60Y 7/
2.42y 2.50, 2,51,
Z.43, 2.56, 2,61,
2.32y 2.460, 2,27,
2.68, 2,49, 2.29,
2,591y 2+60y 24£8,
C.86y 2.91y 2,96,
3,46y 3451, 3.504,
2099y 4. 06) La02y
4253y B.64y 4.59,
4eilby L.20, L.25,
.36y bolbly 4ebH2,y
.28,y 4,908, 4,00,
De37y thok2y L,50,
GaUDy bobiy Ga41,
3,78, 3.77, 3.79,
3,18, 3407y 2.96y
2+579 2,50y 2.42,
1,60, 1.69, 1,78,
1,49, Lo1hy 1435,
950) /
1.08y 1,02y 1.04,
1.06, .89, .93,
57y k9, 43,
11y -.13, =-,21,
BBy —of2y =. €8s

~1e?1,-1.39,-1.43,~

256, o8B0, J€3, .62,
WThy  WTO,  o€2y W51,
“47s W50, +58y B9,

1e11, 1413, 1,10, 97,

Lolley, 1,92, 1,90, 187,

2025, 2,03, 2.01, 177,

2401y 241y 2426y 2436,

2022y 1495, 1e€ls lell,

1599, 2,01y 2o1ky 2416/

Z.49, 2.46, Z.42, 2.37,
Ze63; 2450, 2450y 2,38,
2432, 24224 2409, 2.08,
2423, 24425 2461, 2.58,
24685 24709 24825 2483,
3.03, 3.08, Iecds 3,30,
34565 34555 Fo57y 3461y
4e06y Lal2y 4a28y 4,30,
4alB, 4.28, 4.32, 4.38,
432, 4,35, 4,21, 4,27,
459, GeTly 4a79, 4L.81,
1.88, 3.86, .92, 3.98,
4a53, 4.Sby 4,59y 6,61,
4oty o34y 4o30, 4426,
3,75, 3472, 3462, 3.56,
2487, 2450, 2.E8, 2,58,
2432, 2.20, 2.12, 2,00,
2404y 2400y 14815 1470,
164, 1.6, 1.70, 1,59/

ie10, 1416, 1.20, 1.73,
«73, 458, Sley 477,
<, 412, .10, 204

=032y =436,y ~¢39, -.33,

e 7T, ~o8L, =~a91,~1.1010,

1.48,-1.52,-1.57,~1.60,

“lefil,=1,42,=1,32,=10269=1416,=1400, -,8%,

.43y .36, =-,20,
~el2y -406) =401,
—elly =,02, =44,

~1e6By=1 E80y-1,E6y-

~ef3y -462y =a6E,
-39, -.50, -.61,
~alBy -, b8, - 42,
~.28, =,31y =.50,
~eT5. v, 28, =41,
V32, .23, .22,
B0y 83, .85,
1,72, 1,31, 1,32,
11649) /7
1,79, 1,92, 1,98,
2,78y 24,70y 2477,
T.32, 3,11, 3.41,
2,22, %.19, 2.98,
2.92, 3,05, 3.22,
T,08, 3,21, 2,16
L3, 3,52, 3,14,
3.18, 3.%0, 2,00,
2,95, 2,69, 2.73,
1,91, 1,87, 1,81,

=+21, =,19, -.17, -.15,
0,00, -.21, ~.23, -.32,
~elly =479y ~.27y =435
1e6524~1.35;,~1416,-1.02,
~e73y =73y -e88, -aBlby
~e7hy =479y =476y ~.09,
-39, ~.38, -,33, -,29,
~+60y ~4B0y <251, =.U4E,
“+08, =.08, 0.00, .11,

«28, 45, .55, .62,

e87, %0, .93, 1.00,
1433, 1448y 1478y 1,87/

203y 2439, £elly 2440,
3908y 2eSh,y 3.05, 2.9,y
Je3ly Jod6y 344Ey 3.36
2078 2498y 2.D2, 2,82,
Jeb0y Ja78y Xu81r 3.96,
327, 3.41, 3.30, 3.33,
Jaud, 3,58, 3,€1, 3,49,
299, Y21, 3.11, 3.14y
2,72, 2447y 2451, 2.60,
1478, 1,53, 1.%1, 1.62,

197

C10
C10
CiC
cit
c1D
c10
ciD
c10
€10
Ci10
c1D
C10D
€12
c10
C10
C10
C10
C1D
C10
c10
€10
Ci10
ciC
Ci0
c10
C10
€10
C10
Cc10
C1D
c10
ci10
c10
cib
c1n
cicC
caD
ci0
Ci10
C1D
c10
Ci0
Cc1D
CiD
C10
Ci0
ciC
C1D
C10
Cci0
Cc10
C10
C10
€10
c10
cit
Ci0D
€10
cit
Ci0

610
€zl
€30
640
650
(33}
€70
&80
690
700
710
r20
00
740
750
Tea
770
730
730
800
e10
g20
830
840
ese
geo
(3d1]
880
8ag
S50
910
920
€20
940
950
CEQ
970
cgg
990
1000
1010
1020
1030
1040
1050
1060
1670
i080
1060
11c0
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
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1659, 1,50, 147, 1.%2, 1.72, 1,12, 1,08, 1.02, .97, ,932,
WOy WBT,  LAh, 92, 79, 76, W76, W75y T2y W71,
71, 70, B9y AT, 61, 453, .52, 48, .41y .39,
L38, 3%, .32, LT0, «30sy <20y 429, «28y e27y <26,
225,  oP3, .22, .21y .20y 1By w3f, .13, .06, .01,

403, =407, =elly -o16y -221) =e2by =e29) =432, -438, =.ll,

=45y =.50, =.Sby =ufly -+69y =eTHy =484, =490, -.97,-1.01,

$-1.10,-2.125-1019,~14225=1428s~1030y=1,33,=1476,=1.39,=1,43,
$-1.68,-1,50,-1452,-1.57,=10619-12a664=1.709~1.72,~1.78,~1.81/
OATA(CL (1) ,1=11k1,1230)/

1-1489,=3492,=2060,=24785-24164=2,84,-2032,2.40,~7.48,=2,54,
2-2.61y-24717=2483,°24955=3410,-5400,=5,00,=5,00,=5,00,-5.,00,
3-5,00,-5:00y=5490,~547D0,=5.08,-5.00,=5,00,-5.00,=5.00,-5.00,
4~5400y25,00,=54004=5210,=5+,00,=5400,=5,00,=5.00,~5,008,-5.00,
5-5.00,°54003~5.00325200,=5.00,=5000,=5,00,-5,00,-5.00,-5,00,

67540045, 00y=5.00y=54004=5.009=5,90,-5,00,~5,00,-5.60,-5,30,

7-5,00,-5400,~5,00,=5,00,=5,00,-5.00,=5,00,~5,00,-5,00,-5.00,

8-5,004=5.00,=5.00,5,00,~5.00,=5,00,-5,00y~5400,-5.004=5,00,
3e5,00,-5¢00,~5¢00,=5,00,=5,00,-5,00,-5,004-5,00,~5«C0,=5,00,
$-3,78,=3.33, 7,01, ~2.02,=2,689-2.49,-2430,-2417,=2.00,-1.81,

-1.60,-1.01,-1,13, =~.00, -,79, =.63, ~.4By =,36, -+28y =.i6,

$ .08, 08, 420, 228, akly oS54, 469, ,80, +92, 1.00,

$ 1.19, 1.19, 1.01, .98, 1,02, 419, 1,29, 1,30, 1.29, 1.38,

$ 1.19; 1.%9, 1442y 1443, 1470y 1e€25 1454y 144, 153, 1,86,

€ 1.96, 1.97, 2,02, 2401y 1434 1054, 1483, 2,03, o2y 2,42,

$ 2.30, 2.16, 2402y 2,025 2402y 2413y 1490, 1.71, 2401, 1.56,

3

S

3

LR RCR R RN

1,56y 151y 1.0y, 1,63, Lebly 1,67y 1.70, 2.22, 2.39, 2.38,
2430y 3¢9y 2479y 2249, 2452y 2457y 2421y 2418, R.u0, 2.01,
2445, 2451y 2423y 2449, 270y 2.F1y 2472y 2,52, 2.t3y 2.56/
DATACCE (1Y I=13%1,1520})/
2051y 2473y 2462y 2eB2y 2480, 2474, 2479, 2.74, Z.20, 2.88,
2481y 2.72y 2476y 2484, 2,92, 2498, 2.88, 2,8¢, 2,02, 3.08,
3.26y 3403, 2414, 7,28, X.03, 3.11, 3.15, 3,30, 3.31,; 3.22,
3400, 32006, ToTly T 40, 3437, 3.22, 3.08, 3,09, 3.09, 3.1,
3,07, 3.07, *.31, *,21, 3.31, 3.£7, 3,58, 3.79, 3.20, 3.09,
3.35, Teily 313, .01, 34310, 3.02, J.18, 3.32, 3J.43y 3.35,
3.40, ¥, X9, 339, 3.54, 3.6, J,u2, .50 3,67, 3459 3,63,
3.66, 3,68, 3.79, 2,29, 3.3, 3,41, 3.23, 3,32, 3.12, 2.91,
2,91, 2,75, 2,78, 2,72, 2,62, 2.58, .32y 2.22, 2+00s 1,97,
1ehBy 1,62, 1ebh, 1.53, 156, 1451y 24529 1,48, 1.2, 1,42,
1.40, 1,41, 1483, 1.5h, 1452, 1451y 1452y 1,39y 1.39; 1,530,
1,09, 1,16, 1421y 1430y 1422y 1020y £+18, 1.20, 1.19y 1.17,
1.10, 1,10, t.09, 1,10, 1e11y 1404y, +S8, .90y ,E6y, .90,
v90y <90y %6, T1y 73, oT0y 71, €7, .EZ, ,LG3,
eh2y sy 420y 401y =408y =e17y =26y =.35y ~.lly =453,
—e 63y =072y -483y =403yl 0, lelly~1s20,~1,30,=1,lUk,~1,504,
$-1e6b)—17hy~1a8br=1,490,-2.06,~2.14,=-2+204)2.20,-2.L4;-2.54,
$24bly =2 Tl =Z2eBly=240h,-3o0b,=2a1ly~3426,=3,34,=3,L4,-3,%4,
$-3a0h =T, T =Bl =3.90b =4+ 04 y~5:009-5,00,~5.00,=-5,00,-5.,00/
OATA(CL(I)y1=152141710)7/
15400154 {0 ,=Fally=Fal0y=5.00,~5,00y=5.,00,~5,00,~-5.004-5.00,
Z2-5400,=5.00,3=%.00y~54005=3,00,y-5400y~5,00,~5,00,-5,00y-5.00,
3=5.00,-54009=%sN0y=5.50,-5:00,-5.00,-5.00)-5,00,-5,00s-5.005
4=5y 0015 00,=Cc00,=F,20,-C.08,-5,00,-5%003-5.08,-5+G0,-5,00,
G=5,00,=5.00,5.00,-5.00,=5.00,~5,00y~5¢00)~5400y-5.00+-5,00,
(*5,00y~5.00,-5,00,=5.00,-5,00,-5.00y-5400y~-5400,»=-5,00,-5.00,
7-5.00,=5400,=Fa00y=5e00,-5,L0,~5000y=G400,~5¢00y=5.00,~5.00,
B=bo15,=b,06,~7.37, = 88,-%,79,~2,70,-¢014=3,52,-3.43y-3.34,
9-2,25, =8, 1b,= 1,07, =2+38,-2:09,-22s809=2:714~24€2,=2.535~2.0%,
=2, 35,-24260- 201 By=24099=2400,~1031r=1082,~1.73,=1,8Uy~1.55,

VARV E DR~ N WM

C1D 1210
Ci1D 1:z20
€10 1270
CiD 1240
C1D 1250
CiC 1280
CiD 1270
Ci10 1:ée0
€10 12¢€0
C10 1300
C10 1240
c1C 120
C1C 1220
C1D 1340
€10 1250
C1D0 1€
€10 1370
CiD 138
€10 1390
C1C 1400
C1D 1410
C10 1420
C10 1430
C1D 1440
C1C 1450
€10 1%€0
Ci0 1470
€10 1480
C10 24c<0
c1C 1500
€10 1510
€10 15:0
c1C 1520
C10 1540
Ci10 1¢¢c0
C10 15€0
€10 187¢0
C10 15890
c1D 35¢0
C1D 1600
C1D 1E10
CiD 1630
C10 1630
C10 1640
C1D 1650
CiDh 1ce€g
C1D 1£720
C10 1680
C10 1690
CiD 1700
c10D 1710
c10 1720
€10 1720
€10 1740
C1C 1750
C1D 17€0
CcCiD 1770
c1C 1780
CiD 1790
CiD 1280V
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C-1elby=-1427y-1478)-1419y-1+10,=1.015 =492, =483, -, T4, =.,65, C10 1810
T ~e56) =alT, ~438y ~e29y =20y ~ally =405y =402y +C3, 10, €10 1820
$ 17y W72y W30y 435, b1y W45, 42, 40, 43, .ub, C1C 1330
$ o50s <9, 478y L84y <93, 1,01y 1,06, 1,07, 1,02, 1,01, C1D 1840
$ 1,12y 1.73, 1.704, 1428, 134, 1,43, 1452, 1.56, 1.59, 1.56, C10 1850
$ 1.51, 1.61, 1.50, 1.70, 1.82, 1.92, 1.94, 1.89, 1.81, 1,45, C10 18€0
$ 1,30, 1,28, 1,43, 1.50, 1,49, 1,55, 1,48, 1.32, 1.39, 1,53, C1D 1879
$ 1.82, 2423, 2.61, 2451, 2.20, 1,86, 1,61, 1.19, 1.32, 1.52, C10D 1880
$ 1.70, 1.90, 2.01, 1.92, 1.91, 2,12, 2.4P 2. , 2+18), 1.9% C10 1890
DATA(CICT) ,1=1711,1900)/ C1D 1900
1 2.11y 2.28y 2421y, 2413, 24C0, 1,91, 1,92y 1.97, 1.88, 1,91, C10 1910
2 1491y 1492, 193y 174y 1461y 1,58, 1427y 1,20, 1,18, 1,11, C41D 1920

299y +8By, 4T1y 460, .G, .31, .19, 03, -.07, -.21, C10 1930
#3585, ~a Y, =aBly =979, =, 96,=1,13,-1,20,1.42,-1.57,-1.73, C10 1940
0915~2e093=2e27,=2445,y=2463,~2,81,-2,99,~3.18,~3,37,-3,56, C1iC 1950
0755398 3=t el3y ~bsILy~b 49, ~b,E6, -4 ,83,~4,99,~5.14,-5.28, ciC 1980
«00,-5.00,-%400,~5.00,=5.C00,-5,00,=5,00,=5,00,~4L,€8,-4.26, €40 1970

N W !

3
4
5
€
4
B-3,89,=3.67,-2.32,«%,11,-2.91,-2,89,-2.79,-2,74,~2.63,=2.47, C10 1980
9=2429,=2470,=2s17y=2,23,-2427,=2,32,-2,12,~2.08,-2.07,-2.07, C1C 1990 3
$-2007,=8098,=1.77,-1.70,=4.63,-1,60,-1,599=1.:43,-1.21,-1:15, €10 2000
$-1.00,-1.13,-1,29,-1.19) =+98, ~,93) ~ .87y =,91y -« 88y =71, €10 2010 R
€ ~eB2) ~eFGy ~458) -.63y -eF8y ~0 29y =422y =elly ~406y =401, ciC 2020
$ -401y, ~e0By =20y =416, =402y <18, .32, 42, 37, .23, C10 2030
$ 12y 415, 428y W43, .59, .58, .53, Ju4, ,39, « 38y C10 20ug
§ .35, .73, ,2fy .19, .08, ,10, L18, .27, .38, .43, ciD 2050
§ .32, 37, SR, 6L, .87, .98, 1,00, 1,02, 1.13, 1.08, C10 2060
$ 1,08, 1,16, 1.16, 1,30, 1,43, 1,40, 1,32, 1.32, 1.37, 1.42, C1D 2070
$ 1.50, 1442, 1,38, 1.26, 1.38, 1.49, 1.63, 1.62, 1.62, 1.70, CiD 2080
§ 1.68, 1.60, 1.5, 1.5h, 1,63, 1.6U4y, 1.,5¢. 3,49, 1.4%, 1.52/ C10 2090
DATACCi(1),1=1904,2080}/ C1D 2100
1 1,58, 1,62, 1.62, 1.61y 14€1y 1,62y 1,63, 1.71, 1.72, 1,70, €10 2110
2 1470, 1.67y 1462y 146y 1070, 1467y 1456y 1,49y 1,42y 1438y c10 2129
3 1.26) 1,20, 1413y 1414, 1419, 1.29y 1.50, 1.72, 1.86y 1.78, C1D 2130
% 1482y 3488y 1482, 1:89, 1¢99, 2,00, 2414, 2.044 2.02, 2.02, C1D 2140
5 1,98, 1,90, 1.83, 1,81, 1,72y 1,69y £.59y 1,50, 1.36y 1.20, CiD 2150
6 .98, .63, .4 .79, .16y L05, .02, .03, .03, .01, Ci1C 2160
7 =008, =418y «4204 =eily =.0h, =03, =, 1k, =.71, ~.08; =.0€; CLC 2176
& L,10, .18, W11, T2, W42, .4b, 3B, .28, .42y .43, C1D 2180
9 Lh1, .33, .32, .41, LS50, Lu€, .31, .18, .08, 20y ci1C 2190
$ .21, .34, ,3hy 28, .35, ,39, .42, By 22y 430y C10 2200
§ .16, =01, ~.23, =.bly ~,52y =By .58, -eBly ~sUBy =.23, C10 2210
$ ~a02) 421y <38y 2X9y  L4T,  Ghlby, Dy W51y <59, .53, C4iD 2229
§ 69, JTT, Ju®, 452y .62y 59y 4559 .50y 32y .26y c1D 2230
$ o111, =408, =410y =4ib, ~g43, =e€2y =8B,~5.09,~5,1€y-1431, C1D 2240
$-1,0%,-1.00,~1.70,~1,91,-2,019=1,97,=1497,;~1.87,=1.97,-2,26, Cil 2290
$-2020)-7¢019-1.99; -2400y=260Uy=24379-2449y=24bl,=2,36,-2.32» Ci0 2260
§-2418)-2¢10,=24259~2016y=2,364=2.bUy=2.040,=2.49;-2,48,-2,43, C10 2270
$-2¢ 00, =2436,=2.060,-24¢48,-2,59,=2,68,-2,89,-3.28,-3.51,=-3.74, Ci0 2280
$-3497,-4.20, bty ~teHBy=4+89y=5,00,-5,00,~5.00y=5,00y=-5,00/ €10 2290
DATA(CL (I),1=2091.22R0)/ C1D 2300
1-54 00,50y 1=Ce00y~5e 00 ,-54003=5,004=5,00,~5,00,y=5.00y=5400, Ci0D 2210
2-5400y-50009=5.00y=5e009=5,009=5200y~52a00y=54009=5,009~5,00, C10 222N
3=5¢003=54203=%400y=5eM0y=5,00y=5,00y=5.00y=5400,=5,00s-5+00) cic 230
4=5400,~5400,=50009=50a00,=5,00y-54009=54005~5400,4-5,00,-5.,00, C10 2340
5=54003-5+004=5400y~54009=3400y=5600,=54009=5400,=5,00,-5,00, CiD 2350
B=be0Uy=5000y=CeN0y=54T09=5+009=3,71y=3.56,=3400,-7.21,-3.06, C10 236D
ToPoO0 =047 =00 RMy=2,bby=2,32y=2417y=2.05,=1487,=1,78,~1.7k, cic 2370
Bo1aB3,=1.002,-1.71,=1.58,=1,49,~1,066,=1,46,~1.43,-1.49,~1.,25, CiD 2380
QelaPlbym1e0R, «o90,~149%, 091, ~,91,-1,01, ~.99, -.87, -,92, €10 z£290
$ ~aT9, =aB2y ~eBhy -43By ~oU2y -4 b8y =33by =427y -eiTy =428, C1C 2400
3
]
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Table Al, Listing of Fortran Code I,LOWTRAN 5 (Cont.)

T =438y ~4?22y =30y =408, -4 01y =620, 06, L10, .06, .14, C10 2410
$ =.12y =e02y =202y =213y —cily =010y =.06, ~405, ~osQb, -+10, cin 2L2)
$ ~a0by =e0ry =421y =28y —oeb1y =ally, =, 3, -,42, =.58, =.57, C10 2420
§ -.SUy -a24y W11y 41y eB1, W79y B2y .I6, -1, -,E7, Ci1C 2440
3 «.80, -+kR, -,50, -~,39, ~,10, .09, .C7, ,08, .16, .24, C10l 2450
$ 413, 22, .35 .51, LE0, 51, .54, G40, LUD, Jb43, Civ 2460
$ W42y, LTX, L03, 3Ly, L T2y W13 ~e11, -u31, ~024, -,041, C10 2470
$ .Uty -.29, =%, =, A0, -84y -4B88y-1+01,~2,10,-1,19,-1,29, C1D0 2tEQ
Rl oSy =1e4Dy=1467y-14FR7 31 e519=1,663-1¢60,-1,63,-1,83,-1,55/ C1D 24¢0
NATA(CY (L)y1=22R1, 26700/ C1C 2500
1-3042y=1040y=1e20,-1.78,=1,71,-1230,-1,20,-1.28,-1,29,-1,33, CiD 2510
251000y~ 1+435,=1,37y=1,%G,=1,41,=1,049,-1,48,=1,%,=1,47,-1,4E, CiD 2fZ0
3o1ab1y~1e42y~1008) -1 ,41,~1,431,-31415y~1413,-2,20,-1,41,-1.88, ciC 2¢20
4=2,08,-22089224229-2475,=24235,~1498,-1,92,~-4.78,-1.57,-1,69, C1C 2540
5=1.70,~1470y~1+h6y=1,%%,~1,50,-1456,=1.424-1,29,-1.28,-1,28, €10 2¢50
E-1,048,~1,6B8,~1,4kLy=-1.53,-1.48,-1.48R,-1,58,~1.%8,-1.69,-1,79, C10 2t€0
T-2,00,-2,16,~1,99,<2,22,=2,04,~2404,-2:.39,-2,74,~2,09;=-3.44, €10 2570
B3, 7Y, =01l =l 049, =t AL =5,19,-2,46)-2.264-1,99,=2.01,=2,14, C1D 2580
8=2431,"15,~2¢01y-1499,-2,14,-2.41y-2.12,-1,93y=1,84,~-1,79, C10 2:=¢<0
$-1,71,-1.78y=14721-1458,=1478,~1,52,-1.38,-1,29,~1,22, =-.91, C1D 2€00
% -,90y~1,01, ~,76y -.90, -.90, -,90,-1,19,-1,00, =-.79, -.68, C1D 2¢10
$ -,68) -T2y -485, =.95, ~,€61, ~.61y =-,48, -,51, =-,92, -,813, C10 R2eZo
§ =.,61, -,41, =,29, =,29, -,61, =474, -,19, -,48, 0,00, .19, ciD 2e30
$ -,10, .20, .20, «02, .20, -,01y .18, .28, .11, 0,00, CiC 2640
$ -,y -,10, .02, .16, .20, 0.00, .09y .09, .09, .07, 240 2650
$ 422y J11, W11y W21, 409, 421y 4205 .37, 428y 407, G10 2¢€¢0
g .09, -,?2, =.RGy, -,69, «, 74, -,88,-1.,04, -,86, -4, =.19, C10 2¢7¢
P .19, L,27, 28 429, .28, ,29, e52y  «54y 451y L60, 10 2680
S W0, L49, 4By LB, 49, 427, 06y -u33y =.Bly-1417/ *4C 2690
DATA(CL(I), 122471, 25R0) / Cc10 2700
191411 ,=1,373=10529=5 454 ,=1 «O4 ,=2, (Ey- 2. 0€,=2,1l,=1,%H,-2,00, Cc10 2710
2=24003-2.08,=24239-24%19724315-2453p=231,-2,31,=2431,-2,28, ci0 2720
I=24 3432, M y~149y 182 ,-1469,-1456,-14869-1,91,-1,75,-1.83, C10 2720
ol aTB =1y y=1238,~1¢80,~1e68,~1469,~1,56,=1,60,~1.71,-1.36, C10 2740
Bl T6 i~ bl =1 bl =t 00,~1  LA,=1, 2E;=1.66;-4 10 -3 8c,-1¢,33, €10 2759
€-1,233=1.12,20 1R, 1 . Th,~1 . 36,-1.233-1,23,-1.37,=1+230y5-1.40, C10 27¢&¢
T-1028y=1427 =107, =1 472 ,=1,32,~1¢225=1428)~44384-1469,-2,07, ciD 2779
B=2.U42,~2,F8 =258, ~2.80,-2.58,-20bTy~-1.80p=1.60y=14265-1,16, ci1C 2780
9-1423,-1.10,-1423,-1410y ~.83y -,80y -.8Gy ~,80, ~,<8, -,97, Ci10 2790
$ —e97y =a91 ) —e929~LelT gl o2l y=1e5Dy=L089,=2418,~2,22,-2,63, CiD 280G
$-3.91,=4.20 ;-804 =k aTBy~5,07 y=54079-5,07,-5.07,=5,07,-5.07/ Ci1D 2&10
Cit=C014(0) ciC 2820
RETUPN ci0 2e2r
END C1C 2840
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Table A1, Listing of Fortran Code LOWTRAN 5 (Cont.)

OOOOS

SUBRCUTTINt C2CT8 (20,0}
UNIFORMLY MIXEN 5ASFS

C2 LOCATION 1 vV o= S0 CM~-1
Cc LOCATION 1515 ¥V = 80790 CM-1
C2 LOCATION 151/ V = 12350 cH-1

G2 LDCATION 1875 V
COMMON/C 2/ C2(157%)
DATACC?2 (1) 4 1= 1, 1a0)/
1-4425)=R0T0,23020y=2:75,=1¢90,)-1e73,-1¢%19~1420y =103y =491,
=eT1y =51y =230y =036y, 225 +49y 76y 1,08y 1429y 1,56,
1,76y 1491, 7,08, 2.23, 2436y 2451y 2,72y 2.90 3+12y 3.37,
3.56, 3.6Q, 3,70, J.R6, X,68) 3,86y, 3.73, 21.56, .38, 3,17,
2.8FBy 2.73, 2,52, 2,71, 2.17y 2401y 1.89y 1.77, 1.€3, 1.47,
1,21y o982, 453y 423y =417y ~a53y =4Thy =aB8ly =4Bl, -<88,
=1,00;~1.98,~142y=14639-1,86,=2410,-2,294=2.51,4=2.72,-2.91,
=34l =5 0, -F 00, =5.00,-54009=5:00,-5.00+=5.00,-5.00,-5.00,
“5,0035-2.68,-2e473-2¢199=1¢97y~1a71,=1a50,-1,22,=1,71,~1.13,
*1.09,-1411,~1.40,-4409y=1,01y=1¢019-1a12y-14334~1,€6,-2.13,
“2e 81y =2467)-2471y=04%992,091°14TBy~1.59,-1,35,~1,18,-1.01,
=96y =491y -.90, = A7y ~, B0y =479, =+ 86)=1.07,~1.28,-1.59,
238 9-2474,y =400, =3,509=3.03,-C0%8y=2,23,-1,89,-1.54,~1,28,
~1e139-9011 1= 101hy=1420y=1.23,~14214=1.17,~1,12,~1.165,~1,19,
~1420p=14174=1402y =.A3, -~ .68, =ob2, -,28, ~.01, +18, 4D,

W5T) «TTy 496, 1.07, 1,13, 1.11, 1.08, 1.16, 1,27, 1.33,
T L.bby 1480, 1413, 89, .63, 454, €5, .78, +E4y 86,
S 872 JBFy  al7, 1By =12, = U8, -.02,-1,43,~1.8G,~2.32,
$-24819=5400,-5400,-5400,-3,14,=2e47,-2,00,-1e7113-1459,-1461/

DATA(C?2(I), 1= 191, 380)/

11,69, -1, 82,187, ~1.90y=L, U, =2,04,-2:10,-24239~2:329=2.48,
22247132483 ,=7,00,-2.99,-2,43,-2e400)-1¢€9)=1,029~*¢28y~1443,
Tet 70552001 ,=2.01y=2460,=2,63,-70049,-2.28y=2+273=2:164~2405,
G=1a9by =1y 83,=1076,=1071,-1 .70 y~14729-14815~1.32,=2.034-2.27,
5=2.61y=3021320.01) =500y =5¢009~5e00)=~5¢005=%¢00,=5200,~5,90,
625,00,-5400,=5.00,~5,00¢=5,00y~54009-5+00,=5,00)=5.10,=5,00,
7-6.00,-5¢00,-Se00,-54004-5,00y=5600,-5+00s=5+00,-5,00,=5400,
B9, =5 0=y 0y =54 03=5,00,=54M0,-4s301=3,642,=7,17,=2,98,
9e2, B, -2 7Ly =lef Py =2ebT7~2¢FB8;=Ce58,=2433,-2401,~1.F4,=-1.32,
€ ~197; ~+7hy —ahXy meS9p =.60y —eE3y =.€9y =,B7,+-1,08,-1,26,
$-14521-1.873-1,91,=1493,-2,02,=24E15-2.48,=2.80,-3,08,-3.11,
§-3.091-2,973-2.TFy=2439,-2.01,~14F9,-1.36, =.€9, -,€3, =.28,
0,00, <0y 115 o129 12y 07, <01, =08, -v23, -0,
=251y =45 ~e57y =Wh0y —ably, =273, =81, ~.95,-1.05,-1.02,
~e91y =B8y ~4tl, =409, L1F sl1, 76, 1,00, 31,18, 1.39,
1,519 1458, 1.6%&, 1471, 1.8 , 1e€1, 2.02, 2,18, P4232y 2450,
24615 2453 2491, 2489, 2,96, Is04; 3e14, 3,27, 3.bly 3455,
3,720 3e90,s 640X, U227, 4,42y 4261, HeTly, 4473y 4s65,y 4463,
472y 478y L.T79 L .50, 3,62y 3428y 279y 2430y 1,86y 1435/
DATA(C?(I:y 1= 381, 570)/

B2y co2by=1,60,-2.18,=2,007-31079=1:539-1:323=1420)~1,+15,
Z2=1.12)~1e184=10"5, 23426, e Zfy=1417y=10209=1,329~1454,-1a84,
3ol 1B,y =2, 00,2 %R, =0 N1y =1 e T4 36y=1.06y =,81,y -ob61y =.0%,
b =ahBy =T, =g4Q, ~,GEy ~¢77y —9e31y ~o3by ~,49,y -oT75,~1.11,
G133y =2001,-2e00y=2¢89)~20879-2eTU;=2+514=24421=2438,-2439,
R N N R L e L E A E e R N R A LI SR A T 2N 1 IR RN 4’
T2, B2 )= s BT y~2 o8y -2 482 y=7 4799y ~2e71y=20€64=2,49,~24.40,~2,32,
B=242By=2s PR y-Ce 20y~ 74"9y=Ye[29=1096,=1 +88,=1.86,~1,8€,-1.86,
G-14879=11034-1a79:=1,730=Lef8y~dsbliy~1, *9)=1,70,~1,79,-1.87,
$-1eTRy=1.6T)=1a50y=1437)~14219y~1.00) =23y ~o69) -483, =441,
$ -e30y -e19, =409, =.04, .02, 10y .16y L18, 423, .20,
$ W27y W6y W28y 2”24 W17, W13y W07y -+, 01y, -4 07, -.09,

13245 CH-1
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ceo
cz0
cen
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£20
c2o
cze
C20
cz0
c2C
car
ca0
c2ao
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Table Al. Listing of I'ortran Code LOWTRAN 5 (Cont.)

T 422y W72y <04, 1412, 1403y €7, 418, -.11, -,28, -.29)
f -.17y =08, 009 09, .13, 418y C4y 4274 429y )0y
$ 29 2By 42 71y 13y 409y <02y =e04y -+ 18, =e 32y
T -e51y ~e72y a0y -1418,-14509-10F2)"1081,=2004y=2:129)-2449»
$-24629-24%7 4~ 03y -34219=54004-54009-%2004=5%4004=5.10y=5.00,
3-5¢004-%:00y-5e003-5.009=54009-5400s"4019-32389-3.01,~2.63,
$-24229-2409)-1098y=1.9%,-2.00y-241Uy~2.20y=24c0,-2,02y~1.82/
NDATA(C2(IY,y1= 571, *60)/
11050 =1o4Tym1eTBy=1 ¢ Uby=lobiy-1.G03=2.00,=2450,-2,S1,-3..3,y
—de Bl =32y by =850, =34 41 ,=3,375=3.20,~2.16,-%,08,=2. "6,
=2:e519=2e¢20,"14B0, =124 =1,22, ~,C7, ~,72, =.49, =-,20, «03,
«20s %6y S61, LR1, &7, .B7 1.00, 1..2, 1,38, 1.56,
1e70y 1466y 2401y 2220, 2431y 2447, Z461, 2.76, 2,92, 3.01,
3.05, .02, ¢.,98, 7,98, 3,04, 2,08, 2.97, 2.78, 2.ub4, 2,13,
1.8%, 1e9S, 1,69, 1,60, 1,67, 1,94, 2,22, 2.50, 2.71, 2.9%,
2.12, T.18, 3.17, 2,15, 3.21, .26, 3.19, 2.98, 2,%9, 2.1y
La70y 1022y 55 =a273=2a03.22,506,-3e00,-2.9,-0.789-2.6%y
S 2eB1-2.60,72.03, 20 F0, 2205742, X =2 50 =2y E% 92,77 - a0y
—2.38,-%,90, -C.00,-C.00,-5400,-5.00y-5400,-500,-5:00,-5+00,
=5, 00,-R.00,- 00, -5:003~53.007y-54009-5400,-5400,-5,0094-5.070,
~5e00,=8.00. -7, -7.60, 2469y -2,53y-3.50))=34R73-3,52,-3,51,
CRlG, =3 T m T 2B, s T P =3 18,2, 2Ty 5436y 3.604-3,9€,-5,00,
$-5400y-5:00,-%e00y-5200y-5400)-54009=5:00,=-500,=%,00,-540GC,
$-54009=-5.009-Sa004=54904=5200y=-5,005-5.00,-5400,-5.00,-5.00,
$-50009=5e039-500,-54NDy~be629p=ts07y-3489,-3+76,-3.€75-3.5€,
R34ty 32035, ~ 26y =3 18,3414y~ 3411,-3.09923.10,-3,12,-3,73,
32093039y =3037,-3,429,-3,14¢=2,08y=3,00,-2.95,-2,8%,-,31/
PATA(C2LDY 1= 7R1, 9AM)/
1-3e004-3,08,-%¢1hy-T.%1,-3,48,-3,71,-3.98,-5.00,-5,C0,-5.00,
PR 044529 %0 98, =1, A9, =34 02,y =3418,°2.95,22.77,=0,%1,-2.48;¢
Yo2uhl =201y 7 0y 7 TR, =P M y=2, 7Py 2 20 ,=2 X1, =2, ul,-2.73,
4=33219=4413,-5,00,=-5,00,-5,00)=5,00,-%5,00,=5,00,-5,005~5.00,
5=5400,~5.008y-%e00y=5200,~ ¢00,-5.00,-"e00,~5.098,-5,00,=5,00,
€5, 00,=5,00,-4,1%,-,12,-3.90,- 9% - 87 ,-2.73,-2,.54,-3,08,
Te3alXy=C 000,74 80,=2, 72,22, R0 ,=2,6R,=2,4F3,=2,E6,-2,E2,=2¢%Y9,
B=24579y=2.R2,=2.,81,=3.0L,=7,21,~3,29,-3,42,-3.,36,-3,215-3.03,
Qo260 935=2.80,-2,6U,=2,52,=2,37,-2,28,-2,20,-2.13,-2.,(7,-2.0?,
$-1.96,-1,98,v1.78,-1,A3 -1 4k y~1e31,~1.20,-1.08, -,98, -o94,
=eBby =a76, -u5?y, -3, -4 08y 413y 30, e37y 436y +36
«X8y L35, LA, Lu4B,  JUBy  Jhl, 423y -408) -.33y =67,
—eB88y —4G86, veTBy -4AT7, —4bT, -4al6y -ally lby U4y 68,
e90s 1¢31, 1419y 124y 1425y 1a2hy 1427, 1451, 1.994 1.50,
1028y o711y elle -428) =4 6T 9=14329=1461,-1.565=1.425~1418,
—e91; ~aFA, -427, =406, 29y 57y #73, .92y .81y .73,
«79y o9y 1401y 1403, 88, W72, W63, 38, .12, -.21,
—altTy BT = 1u2 3y m 1 FT 420 X1y =2aT6s=3 020, 3449,-3,51,-3,47,
3-3e39,-3427,- 203 vT,53,=3. 80y~ ihy~ 3018~ 3407 y-2,56,~3,08/
DATA(GZC(I) 4I= 951,1140) 7/
1oT, by =12y =Te239 =TT ,-2,03,-2,479=2.23,=2.07,-1,%1,-1./8,
2=1e BV, 1aliB =1 27,1 ,23,=1,26,1,40,-1,57,~1.,%8,-2,28,~2,87,
el Tl =5, 0D, =%a00,-5,00,-5,00,-5,30,-5,€0,-5,00,-5,00,=-5.00,
4= 00y =5 00 4= 200,y =5400,=5,00,-5,060,-5,00,-5.00,=5.00,~-5-09,
§=5400>=~54 00,5200y =5¢00,=",00,-5450,-5.00,-5,00,-%5,00,-5.00,
6=5,00,=5.00,-5,00,-5,00,~5.00,-5,00,-".00,-5,00,-5,(0,-5.00,
T-5.00,=%400,-5e00y-5,00,-5,M0,-5,00,~400,~5400y-5,004~5,00,
8-5,00,-5400:~5.0C, -5, 00, ~%¢C07-56009-5400,-5+00y-5.00y-5400
QeGy B0 =54 00 ;=5 0y=5420,=54C09-54009-5:00,-5.00y=5400,~5.00,
$-5.00,=5400,4=5,004-5e20y~5¢00)-560094-5400,-54009=5,00+-5,00,
$-Gs 00y ~5a009=Se00y-520Dy-5,003-5e003=5+004s=5+00,~-5,005-5+00,
$-Ce00y-5e004-eN0y~5,"0y~5,00,=5,00,~5400,=5.00,=%,00,-5.00,

PRV WA DX D DT wre

6 60 tR 0 0 o 60 KD

202

ca2c
c2o
2o
[rd
€20
c2o
c20
cz2cC
cz2o
c20
car
c20
€20
c?0
c2e
cacC
c2o
c2e
czo
c20
cet
c2o
car
czn
c2D
czr
c20
ca2c
cac
Cc:D
ca2r
cae
c20
gy
G2y
G20
¢?D
€20
G20
€20
c2D
cz2r
c20
cz2n
czD
[rau
czc
€20
cac
c20
cap
c2n
cag
cec
cet
cz0
c2o
c20
€20
¥4

380

$90
ico0
1010
1020
1020
1040
10€0
10€0
1070
1080
1090
1109
1110
1120
Hux
1140
1120
11€0
1170
1180
1150
1¢00
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Table Al, l.sting of ¥ortran Code LOW'L AN 5 (Cont,)

$-5000y=5400y-5¢0Ce=%400,=3410y-5000y=5.00,~5.,00,=C.00,-5,00,
$-6.00,4-5,00,-5,0M,-5.00.,-5,00,-5¢00,-5,00,-5.00y-5¢00y-5,00,
$-5.00)-"e00,-baOty-lal?U,~%,hly~boebBy-lboedl -La29y~bsl¥y-3.90,
B Py =159, 23,62, =3,72,-3,73,~3e69y=3e019-3+124=2.%1,-2.63,
$~7akd y)n20427 3=2elby -2l 1y=2+28y~20E91=24¢39-2-06,-10451,-1,99,
§-2uET 4 =7059 4 =249My =X, 35,~3.t9,-3a79y-3,689-3,53,=3,46,-3,39,
$-3.31y~3018y-24979=C0609)~2439,-2e11y~1083)~158y~1+69,-1.227
DATA(G?(T)y I=11241,1330)/
1-14085 =289y =oebRy ~4Sky ~oaTly =279y =278, =266, -,49, =,54,
2 waBhy=1y 77 =24 0Ry =24 Uly=Fs 4By=3a 729> 3¢ 70,~3.59,-3,22,~2,98,
3205 9=2021 31060y =1 R, =1 .08, =86y ~oT2, €1, <s70, -.72,
G 96Ty =457y e %8y =451y =.07,-1.369-1.89,~2+Thy-2.18,~4.21,
Gmle 5Ty m e F2y TRy ~l o BT =5, 00,-5,00,-5e009~5400,=5,03,-5,00,
B=4e93,~haliBy=2.99,~%,05,-2,99,~2.€3,)~7,20,~2.09,~2:02y-2,12,
T-2.18,-2,13,-2,08; -1 .78,-1483,-2,08;~2428,-2.819y-5%,01,-3,165,
B=3.224-%3+20-1,58) Y4 9 y=40lbby-44889=54009=5.00,=-500,-5.00,
9-5,00,-5.004-%200,=5,70,=5400,-5,00,-54+00,~5,00,~5,00,-5.00,
$-4eB1y=teu2y=tiglly ~3eh9,=3,094-2,99,~2,91)-2489,~%,19,-3,20,
3436, -34E29~3,0Q,-1,02,-3,73,-3,53,~3,17,-3,19,-2,02y~-2,79,
Bl eR2y =200 =202y =2409y"2432y=2s419=24299~2.06,~2.00,~2.14,
2007, =24014=3,57, =44 "3,=5,00,=5,00+-5.00,~5.005-5,00,~4,61,
B4, 18,-3. 89,-3,57,-3,30,-3,02,=2,%0,-2.51,-2+203=-1,98,-1,73,
$-1.57,-1.3R,-1,21,~1.11, ~.98, —,87, =478, ~+60) =427y, -.18,
§ - 04, =.04, ~,06, =,16, -,18, ~,19, -:123y ~,45,=1.02,-1.97,
E=2470,23.78 p=ho01)~6o20,~bs3S,; =e58,;~40s TIy=ls81y~5,00,-5.00,
£-5,00,-%,00,~S.00,-5.00,-5,00y-5,004-5+00,~5:09,-5,00,-5,00,
$-5.00y-%400,-5,007~5.00,3-5.004-5,00y=5+004=5+00,~5.00s~5,00/
DATA(CP (1), I=1%%1,1520)/
125400y=5:00,=53009-5470,-54C0,=5.004-5+00,-5.00,-5.00,~5,00,
2-5400,~5:00,=-5¢ 00,56 90,-5,09,~547%0,~5.00,-5,00,~5.00,-5.00,
$-5,00,-54004-5,00,-5.10,-5,00,=5,00,~5.00,-5.00,-5,00,-~5,00,
4=5,00735000,-5400y=5400,23,00,=5400,~5.,00,-5,00y=5.009=5.00,
5-54M0y=5,00s~FaDBy=5.20,=5,00+~5¢00,-54004~5¢009=5+005=5,00,
6-5aU0,=5ei04=Fa00,~bo71,=0,30,-3,59,-2,68,-3.50,=3:34,-3.22,
o302, 3025,=T42ly=3418,=34109=3407,=2.18,~3:061;«3,€67,-6,12,
B=l, 68 ,y=5.00,-F,00y-5210,35,00,=5¢00,-5.00,=5s00p~teSiy=~4e18,
GoB e 7R g=3ebeB =201 7400963 =2e73,~2¢€F,-2058)-2459,=7.5752.449,
Bl U2y =Ce I8y =24 kCy=2an2y=5+02y~2alDy~te164=5.00s-5e00,~5.C0,
$-5.00)~5400y=%e00; =000y =5400y~5eC0y=5¢00,=5.00p~uos8Ty=44s50,
T-4,213=3:,90 =10 66y=T056,3,51,23.51,-3.51,=3,409,=3.64,~3.34,
F-3,3U,y =30 b7y =1, R0y =Ty R7 4 ~4 a3 3~4259y=5400,~5.00,-5400,-5400,
€-5,00s54009=5e00y=52004=5,00y°5.00,~5,00,=5+0L0y=5.00y-4e93,
E-Ue51 4ol 10 y=3.78, =3, 32,=3,03,=2474y-2s43,-2e08)=1e83y~1:5%9,
2-1.2Q,-1.07, =481y =e70y ~e73y ~0eS0y=1208y~1¢19y~1e35y~1447,
E-1a571~10Fby~1a80,-1eP2y=2408y=2e18y)=243F,°2,0473=2.614="478,
22,07, 10 3-3.28 =T ohlg=3,63,=3,81,-3.98,-4.15y=4,22,~bsbl,
Tl 71y=4sR0y=Fe00s=5o00y=5400s=56005=5400y=5400s=5s00y~4s32/
DATA(C? (1), 121521,1575) /
1230232459 9=20129=1eB2y=1 57 9=10T4p=1.16,-1.02, =482y =abl,y
2 mal8y =,y =01y =eUby 0By 21, 39, L62, €1y 72,

3 .BF, %6, 1422y 112, 1.18, 1.71, 1.17, 1,08, eS8y « 30,
4 497y 1,13y 1,37, 1458, 1,74, 1,70, 1.48, 1,13, 73, 22,
S ceBl =157 3= T8, =5,00,=-5.00,-5a009y~500¢y~5+009~%5e009=5+00,
0-5 4005, T0y=%ally=*e00y~5400/

caL=cz(L)

RETURN

END

c2D
cz20
c20
c20
c2p
c20
czo
cae
ceco
ca2c
cz2D
czD
cee
car
V20
c20
cz2o
ca20
cao
cz2e
czo
cz2o
czo
c20
cec
cz20
2D
c20
cz20
cz0
cee
ca20
c20
g2t
ce

c20
czac
(o]
cz0
cz20
cen
c2D
g2t
cz2C
c20
c20
c20
cep
cen
cao
car
c2o0
€z0
c20
€20
c20
t20

1210
1720
1220
1240
1260
1260
1270
1¢€0
1290
1300
1310
13z0
1228
1340
1350
13¢0
1370
1380
113¢0
1400
1410
1420
1420
1440
1450
14¢0
1670
1480
1490
1540
1510
1520
1520
1540
15356
15€0
1£70
1580
1590
1€00
1€16
1€20
1630
1640
16%0
1660
1€70
1680
1€9¢0
1700
174110
1720
1738
1?40
1750
1760
1770
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Table Al, Listing of Forty

an Code LOWTRAN 6 (Cont,)

SUBROUTINF CTCTA {FTL,y()

O70NT

CY LOCATION i

C3 LCCATICN 510
COMMON /C2/ CI(54p
CATA(CS(IY,1= b8
1-6,15,-3,%1,-%,00,
2 -,20, ~,10, .07,
I .72y W79,  WTH,
4 +80, «78, 50,
5 =all, =,%9, -,51,
€=2,83,-%"4,-3.59,
7-5,00,-5.G0,-%,00,
6~2,41,-2.10,=-1,78¢,
9 .95, 1.20, 1.4C,
$§ 2,40, 2,42, 2,58,
$ 1,20, .95, «92,
$ .96, ,9%5, .90,
$ -.02, —411, -.22,
$-3.60,=1.76,-1.°0C,
$-3,61,=4.,16,-5.00,
$-5.00,-5,004-%.00,
$-5.00,-5.004-%.00,
$-5.00,-5.00,-5.00,
$-5,00,~5.00,-5.00,
DATALCT(I), 1= 194,
1=5,00,-5,{0,=-%,(0,
2-5,00,-5.00,~5,00,4
3-Cebl=2,19,-7.03,
L =497y “481,y =405,
S .18y -1,  LOR,
B —eThy =70, -~ 84,
T =abFy ~obhy =72,y
8=1sb7,-1,614=-1.77,
G-1eG8y=iad3,=jat 7,
$-1.36,-1.28,-1.18,
$ -.37, =26, -.10,
2 .93, L.11y 120,
3 1,069, 1.7223, e 56y
$ —oltDy -4ty =oUby
$-1,40,-1,55,-1,69.
$=3,07,~3.28,-2,50,
$-5.00:=-5,00,-%.00,
$-5.00,-5.00,4=%400,
§-5.00,-5.00,-5,00,
DATA(CX(T),I= 384,
1-5.00,=5,004=5.10,
2=5,009-5.004-5,00,
3-%.00y-5.009-%,00,
4=54G09=5.CLy=Sely
G=Zebliy~2,12,~1.85,
6 =a 81y =477y =47y

7 -:26; =;19; -,17,
8§-2.38,-2,07,=-".57,
9-3,37,-%10,-2,79,
£-1.3%-1.26,-1.17,
$ ~.564, -,47y -,77,
3 J48, .49, LS50,
$ —eB%y = 77, -087,
$ = 7€, =~u71y -.FQ,
$ o700, =472y =487,
£-2.13,-2.57,=0092,

C3LeCT(L)

RETURN

END

v = 575 (M=t
V= 3270 CHM-1
¥

1973/

~2 Tl =? 12y =L eT6y=1,50,=1.21y =.8Ey, =449,
12y 2%y W22y 43y .%2y .58, .65,
T2y 6B, €Uy JE8, 479, L83, .83,
W56y S49y 442y (Thy 42By W1l 402
Sy Tly —g B8y =117y -1, 40:~1.58,-2.18,=2.0L7,
=R W y=54004=5400,4=5.00,-5.009=5,00,-5.00,
“G N1, =500, ~6akb,=4,00,~3,50,-3.14,2,"8,
~1a09,=1.20, =s20, 15, Iy 45Ty 78
1.65, 160 1497y 2410y 2431y 2421y 2438,
2452, 2420 2e4By 2.5, 2445, 2420, .00,
20y 490y 89y S0y 452y +Shy  #95,
« R0y « 68y 055, 0y «30 «19, .08,
metly o556y =eTly =,8Fy~1.08,~1,18,-1.33,
“2 0232028 9=204Fs=2459,=2479,-3,00,-3.22,
5400125400, =5400y=5400,=5400y=5.00,-5.00,
~5e009=5400y=5+004=5.00,~5e00,=5,00,-5.009
“5.005~5400,3°5400,-5,00,-5.0Jy=5.00,-5,00,
6 a00,-54009~5400,=5,00,~5400y=%.00,-5,00,
“Se00y=5.00,=5¢00,=5400y~5400y=5.C0,-5.00/
3R0)/
~56 7613008 3540035400, =5400p~SaCly=5e00y
540044+ 169=3eS1y~366,-3,441,-3.05,-2,69,
~14969=1e71y=1056y=1,48,-1.29,-1.2€,~1.13,
~eliBy ~eI5) =¢22y =e1b4y =406, =eD2, =19,
W26y =007y o2y -4B0y =082, =oPOy =.7Uy
“e®9y v.B5, ~,81y = T6, =70 =.58, ~.5U,
~eT8y ~efhy =290, ~4auly=1edt,=1,24,-1,33,
~1.02,21.98,-2.04,-7,08,-2c00,-2.0€,-2,03,
1M y=1a764=1eT1r~1065,~1259,=3,01y-1.404,
“1,08y =298y ~488y =o78y =069y ~o59, =449,
-«310,y D400, 16, 27 e38, 057 «7 65y
1673y Loebly 1e06y 1-UBy 1448, 1eEly 1,58y
W¥8r =eTIy =4 Ty ~uBby =058y =e4Qy, =~.h'y
=953y =ebl)y ~.TEy -eB9y-1.01y-14s14y~1.26,
“1eB3y=1008,=2,13y-2428,=2443,-2.6L4-2.86,
30 729-3¢0Uy=5,003~5.00y~5+004=5,00,-5.00,
“5400.%5400,-5,00y~5.00,-5.00,-5,00,-5,00,
~5e00y=5¢009=54080,-50004=5400y-54005-Se00y
N0, =5, 00,~"¢00y-5408,-5,00y=5:00s~5.007
560)/
et y=3400,y-5,00y-5400)=5.00,-5¢C0,=5,00,
“5.00y-54009-5400y=5400y-5400y=5,00,-5,00,
“5400y=5¢C0y=54C0y=5e00,=5400,y=7e005,-5.00,
“le16y"2,07,~3,77y=3458y 3,38,-3.07,-2.75,
1457914 30,-1,07, -,98, =.9%, ~.89, -.85,
~eBbBy ~e€3, =¢58y -453, -.48, -.ul, .34,
o188y -4318, —o4By) =eTTy=il12Z,~1sbYy-1475,
“4s16325.00,-5.0N,~5,004~4,16y-3,%0,-3,63,
el T =20 15, -1, Bl =173y =163y ~1452y-1ol1,
~14N9y-1402, —a9hy =289, -482y ~s73, -+68,
“e12y 403y o185 259 <Xy 239, 47,
«S0y 268y GUbhy 423y L0l -e11, =433y
“ RBy =40, =,62, =401, -,50, =.85, -.80,
~ehT, =eFhy =, t5 =,65, -,66, -.&7, -.68,
~ai 3, =14 03, -0 1l o1 2U,-1,2 ,-1,51,-1.68,
S 26, 854071y =Ue16,-54009=5,00y=5,00,-5.00/

204

C30
c30
C3t
c3p
c
c3cC
€30
[WR.14]
€30
c3r
cl0
c30
c3p
c3c
€30
C 30
c3e
Cc3d
cln
C3D
cip
c3p
c30
c30
cio
cic
cG
cic
c30
c3D
c3p
c3o
c3ic
C3u
c30
cic
€20
[}
€30
c30
c3C
[ 0]
c30
c3D
c3C
c3C
cI0
c3D
cic
c30
c3D
c3n
c30
c3c
Cc3D
Cc 3D
c30D
c3D
c3C
c30
c30
€30
C30
cx0
€30

10
<0
X0
4o
€0
60
70
ee
S0
100
110
3z
120
140
150
1e0
170
180
190
z00
210
hd 4
230
<ud
250
2€0
¢
2e0
2¢0
ago
310
22¢
330
340

Ic
~ -

370
e
3aQ
wDg
410
“z0
40
wup
450
460
LG
w80
uweg
€00
€10
€z0
530
540
5t0
431
570
£e0
£cg
600
610
€20
£30
€uc
€5¢
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Table Al. Listing of Fortran Code LOWTRAN & (Cont,)

SUBKOUTINE (uCTa C40 10
COMMON /C4CECR/7 FL{L33),C5(15),C80102) cel 20
N2 CTONTINUUM CuD 20
Cu LOCBTION 1 v = 20%0 CH-1 ceD 40
Ch4 LOCATICN 13X V = 7,0 CM-1 cuD S0
DATAICU(T), 1 1, 116/ cul &0
3 2.9V =04, }.86F-0b4, %.09E-04, €¢,F6E~04, 8,B85E-0k, 1,06E=DT, (] 70
¢ 1.31E-03, 1,735-03, 7,27€-03, 2.73%t-CY, ), PEE-Cs, Y,G5E-02, cul e0
3 S.46F=03, T,19F-02, 9,00F-u3, 1,13£-02, 1,36E-02, t+€6E-02, CuD <o
4 1.96E-02, C.316F-02, 2.36Z-02, 2.€XE-02, 2.90€-02, 2.i15€-02, c4C 100
S JL40E-"2y 2,FET-02y, To920-02, 4.26E-92, 4,60€-02, L,95E£-02, C4D 110
6 S5.30E-02y 5.65¢=02, H.00E~02y 643IDE-02, €.600~-02, €.89E-02, Cc4D 120
7T 7.18E-02y TYOAF-02, 7.603-0G2, TLB4E-02, 8.,08E-02, 8.3I9E-~02, C4d 130
8 8,70E-02, 9¢1%-02y 9.56I-D02, 1,08F-01, 1,20€-0%, 1,36E-01, C4D 140
9 1,52€-01y 1460€E-01y 1.69€-01, 1.€60E-01, 1.51E-01y 1.37E-01, CuD 150
$ 1.23E-01y 1.19%=03, 1.16E-01, 1.14€E-01, 1,12E-01, 1.12E-01, C4D 160
$ 1.11E-01, 1.71F-01, 1.122-01, 1e1uE=-01, 1.13E-01, 1.32E=01, C40 170
4 1,09F-01, 1.0?F=-01, 1.022-91, 9.90€-0Z, 9.50£-02, 9.00E=-N2Z, C4D 1e0
$ B.ES5E~02, 9,70€-02, T«6SE~Z, 7.05€-02, €.506-02, €.10E-02, cuD 1€0
% 5.50€E-02, 4.95F=02, LL.SO0E=-02, G4.0OE-02, Y.75£6-02, J.S50E-0C, ¢eD 200
§ 3.10E-02, 2,€5€E-02. 2,%9E-02, 2.20€E-02, 1.95E€-02, 1,75E~02, c4D 210
$ 1.60£-02, 1,400-02, 1,20{-02, t,0E-D2, 9,50€6-03, 9,00E-03, C4D 220
$ B,006=-"23, 7.G0E-23, H.50. =03, . 00E 03, 5.50€6-01, 4.75E~-03, CuD 220
$ 4,00E-3%y 2,75€-03, 3.50E-03, 3,0uF-03, 2,50F-02, Z.25E~03, CiD z4n
$ 2.00E-°7, 1,R%€-03, 1.70€-03, 1.60C-03, 1,50E-03y 1,%0E-0Q3/ C4D 250
DATA(CHLTIY ,I= 115, 1%¥3)/ C4D 260
1 1,54E=0% 1.°0F-03, 1.47E-03, 1424E-03, 1.25E-03, 1.(6E-03, caD 220
2 9, 0FE=-0b,y 7.F37-04, 6eLiE-Cl) 5409E-04 ~aD4E~Ch, vo36E-0O4&, c4D 80
I 2.86E-0b, F,2E-0%4, 1.,94E-04. 1,576~-0b, .. 31L-0&, $-02E-0&, car  29¢C
4 3,07E-05/ ceD 300
4M W20 CONTINUUM C4D 210
C5 LOCATION 1 v s 2350 CH=-1 Cc4D 220
€5 LOCAYION 1% Vv = 2420 CH=1 CsD 220
DATA(CS (1Y, 1= 1, 1%5)7 CeD 250
1 DeUUy 4T1Yy el™y alZy o1D0p P4y e1Up o1&y ¢15y 417, GaD 350
2 420y 474y 28, .33, },007 C4D €0
O70NE U.¥, + VISTRLE C4C 270
Ca LOCATTON 1 v = 13000 CM-1 CLD 380
C8 LOCATION F& V = 24200 CM-1 cu4D 20
OV = 200 M-y CuD w00
Cé LOCATICN 57 V = 27500 CM-1 cuD 410
€8 LOCATION 1172 Vv = S0000 CM-1 c4D 4Lzl
OV = 50U (M=t CuD &30
OATA(CR (1Y, ]= 1, 102y 7/ C4D 440
1 4eS0E-"2, 2,00C-03, t.(?I-C2, 1,10E-02, §.,22€-02, 1.74E-02, cuLb 450
2 P.00E-02y 2.457~92y X,075-02, 3.84E-02, 4o78E-02, S4.€7E~02, cuD uEQ
I 645LE-02y 7,€2€6-02, A.152-G2, 1.006-01, 1.09FE-01, 1.20E-04, cunD 70
4 1e28E-71, 1.125-94, 1.3tE-11, 1.36E-31, 1,19€-04, 1,13F-01, CLC 480
5 1.03E-01, ©,245-02, B8,28E-02, 7,570~02, 7.026-02, €,58F-02, cul 4c?
€ So56E=02y 4, ?7€=N2y LL065-02, 3.87E-02, Ya82E-02, C.94E-02, cu4g 50¢
T 2409€-025 1,808-02y 14913~02, 1,66E-02, 1e17E=02y 7470E-0DJ, c4D 210
5 6410E-0%, R,®0f-03, E£,10E-03, 2,70E-03, 2.20F-02, 3.10E-23, cut 520
2 P.5%E-03, 1,98F-03, 1.4,2-03, 8.25%-04, Z.S0f-0¢, ¢, » cel 530
3 0. v Do y Habt LGy 2.N6E~03, 7.35E=03, 2.03E-02. cuD sS4
3 GL.9RE-12, 1,18 =01, 2.465-01, 5,18E~01, 1.02F¢00, 31.95E+400, cuD =50
€ 3I,7QE400, 6G.ASESQD, 1.24E¢01, 2.20E+D1, J.EVE+01, T.S5E+01, cuDd S0
$ 8,50F+01. 3,76E802, 1.68E402, 2.COE+D02, 2.L2F%02, 2.T1E+02, Col 570
$ 2,91E+402, 2.02°+02, B 2euEH(Q2, 2.T7F¢02, 2.5%uE402, C4D 580
$ 2.7°BE+N?, {,GREX0?, 1.u40402, 1,17E+02, 9,.75E401, cup 590 L
2 7.,60E401, F£,NLc 01, TLuRE+01, G S2E403, EL.00E401, C4D €00 3
F 1.,676401, 1,70f+013, 8.80E+00, B8.30E+00, 5,.60€+00/ cup €1y E
RETURN cuc €290
NG C4u 610
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Table A2, Description of LOWTRAN Subroutines

I
LOWEM Main driver program. Reads control cards.
MDTA Contains the data for the six model atmospheres and
IIN(),‘, profile,
NSMDI. For user defined model atmospheres or acrosols,
HPROF Sets up horizontal profiles of attenuator densitics in E
LOWTRAN units, ]
AERPRY Sets up appropriate acrosol horizontal profiles tor 3
model selected. k
PREFDTA Contains the different acrosol model roertical distri- ]
butions, E
GEO Calculates the absoerber amounts along the atmos- ;
pheric slant path,
ANGI, Calculates the initial zenith angle for the slant path Py
when H1, 12 and BETA are given, ;
PQINT Computes mean reiractive index above and below a ;
given altitude ard finds equivalent absorber densi-
ties at the altitude, i
EXABIN Toads the zerosol extinction and absorption coefficients
for the appropriate models and boundary layer relative ;
humidity. M
‘ EXTDTA Contaius all the aerosoel attenuation coefficients, i
PATH For radiance calculations, saves cumulative absorber
amounts along slant path, i
TRANS Calculates transmiittances and radiances for slant path.
1
TRFN Contains transmitrance functions,
ABREXT Interpolates acrosol attenuation coefficients for 3
values at wavenumber g, :
HNO3 Determines nitric acid absorption cocfficient at p. b
C1DTA Contains water vapor absorption coefficients. :
C2DTA Contains uniformly mixed gases absorption cocfficients,
C3DTA Contains IR ozone absorption coefficients, i
C4DTA Contains absorption data fur nitrogen continuum, 4-um
water continuum and ozone UV and visible data.
3
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ABSC
AjLAM
ANGILE
AVW
BiET

BETA
CA
CO

CwW

DUMMY
DV

E(K)
EH(1, 1)
B, 1)

EI3, 1)
B4, 1)
EH(5, 1)

Appendix B

LOWEM Symbols and Definitions

Aerosol absorption coefficient

Wavelength (um)

Input zenith angle (degrees)

Average wavelength used in refractive index expression

Angle subtended at the eorth's center as path traverses
adjuacent levels

Total angle subtended by path at earth's center
Conversion factor from degrees to radisns

Wauvelength dcpendent coelticient used in refractive index
expression

Wavelength dependent coefficient used in refractive index
expression

Used when THAZYIS = 7

Wavenumber increment at which tiansmittance is calculated

Equivalent absorber amounts per kin at height H1
Equivalent absorber amount per km for HEO at level Z(1)

Iquivalent absorber amount per km for COZ + N20 etc, at
level Z(1)

Eaquivalent absorber amount per km for 03 at level Z(1)
Equivalent absorber amount per km for NZ at level Z(1)

Iguivalent absorber amount per km for HZO continuum
at level Z(1), (10 um)
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NG, )
LH(7, 1)
I8, 1)

¥H(9,1)
ED(10, 1)

EH(11, 1)
BH(12, 1)
EI(13, 1)
EI(14, D

EI(15, 1)
EXTC
H1

12

VM IN
HIMIX(D)

HSTOR(I)
1 Z(1)
I

ICl
IEMISS

IFIND
ISNVAN A
1J

IKT,O
TKMAX
Il.

1M
ISIEASN
'l YPE
IVULCN
INY

bquivalent absorber amount per kin for molecular seatier-
ing at level Z(D)

Itquivalent absorber amount per km toer acrosol 1 (0 to 2 ki)
at the level Z(I)

Lquivalent absorber amount per kn, for ozone (UV and
visihle) at level Z(I)

Mean relractive index of layer above level Z(1)

Equivalent absorber amount per km lor Hz(‘) continuum at
level Z(1), 4 um)

Ilquivalent absorber amount per km for nitric acid at
level Z(1)

Equivalent absorber amount per km for acrosol 2 (2 to 10 km
region) at the level Z(D)

Fquivalent absorber amount per km for acrosot 3
(10 to 30 km) at the level Z(1)

¥guivalent absorber amount per kin forr acerosol 4
(30 to 100 km) at the level Z(1)

Relative humidity * KH(7, 1)

Aerosol extinction coetticient

Initial altitude (km)

I'inal altitude (km)

Minimum altitude ol path trgajectory (km)

Nitric acid valume mizing ratio (times 1.0 11168) at the
level Z(I)

Interpolated nitric acid volume mixing ratices
Ilollerith titles lor visibility

Running integer uscd as altitude (level) indicator and
firequency indicator

Array used to sviecl the corrcet aerosol extinelion/
absorplion cocfficients from EXABIN

Input control parameter determiaing mode of progran:
execution (-0 for transmittance, =1 for radianee mode)

Indicatlor for using subroutine ANGIL,

oy layor aciosol rnodel paramerer (0 to 2 km)

Running integer used as tayer indicator along the atmospheric
path

TLower limit of layer loop (-1)
Upper limit of layer loop

Integer indicator used to determine il the atmospheric path
intersects the earth

Paramneter uscd when reading in a new atmospheric model
PParamecter for seasonal dependence of acrosol profile
Indicator for type of atinospheric path

Volcame acrosol taodel parammeter (10 to 30 kin)

Parameter for terotinating program and oy ling indicator
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JLXTRA

JMIN
JP

J1

J2
KMAX
LEN
LENST

M

MI.
MODET
M1

M2

M3

NI,
NLT.
NP1
PO, D
Pl
RANGI
R1s
RELHUM(D
RO

SIEASN(ISIZASN)

T(M, 1)
TBBY()
TBOUND
TXR(K)

TX(9)
TX(10)
VH{K)

VIS
VSB(ITTAZI)

VULCN
VX2

V1

V2

Integer indicator used when 11, H2, and HMIN arc in the
same layer (ITYPLE=2)

Altitude indicator for minimum height of path
Print option parameter

I.evel indicator for altitude H1

IL.evel indicator for altitude 112

Upper limit of absorber amount loops (=15)
Parameter used for defining longest of two paths

Integer storage for parameter LIN, nceded for cases run
in succession

Integer used to identify required medel atmosphere
Number of levels in radiosonde data input (MODIL.=T)
Integer used to identify required model atmosphere
Integer Jor selecting temperature altivude profile for (M=M1)
Integer for selecting H,Q altitude profile for (M=M2)
Integer for selecting U; altitude profile for (M :M3)
Number of levels in model atmosphere data

quals NL.-1

Valuc of NP for altitude H1

Pressure (mb) at level 1 for model atmosphere M

3. 141092604 that 1s (7}

Path length (km)

Iarth radius (ki)

Relative humidily (percent) at the level Z2(1)

llarth radius (bm) read in as input (<R1)

Hollerith titles for the season for the 2 to 30 km region
Temperature (OK) for model atmosphere M at level T
Average temperature of the IJ layer

Iuput temperature of the boundary in K

Irguivalent absorber amounts per ki at a given altitude
obtained [rom POINT; also transmittance values ot a
given wavelength for each absorber type (K = 1, KMAX)
Tolal transmittance at frequency V
Absorption due to acrosol only at frequency V
Integral of the eguivalent absorber amounts Drom 11 to level 1
Meteorological range (km) at sea level

Default meteorological range for the boundary layer aerosol
model 1A Z1S

Ilollerith titles lor the voleanic aerosol model (10 to 30 km)
Wavelengih array associated with BX'TC and ARCS
Initial frequency for transmitiance calculation, (,-m_l

. ) . . -1
Final [requency for transmitiance calculation, em
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W(K)
WII(M, 1)

WLAY(I, )

WO(M, I}
WPATH{1J, )

Total equivalent absorber amount for entire path

Water vaé'uor density for atmospheric niodel M at level 1
(gra m~=9)

The absorber amount for the species, K, and the
atmospheric layer, 1

Czone density for atmospheric model M at level I (gm m-s)

The cumulative absorber amount of the species, K, for the
1J layer along the atmospheric slant path

icarth center distance of level [
Earth center distance of level T + 1
Altitude at level I in km

b
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Appendix C

LOWTRAN 5 Segmented Loader Map, AFGL CDC 6600
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Appendix D

Water Vapor Density and Relative Humidity in LOWTRAN

LOWTRAN veguires both the water vapor density, used in calculating the
molecular and continuum absorption, and the relative humidity, needed for inter-
polating the relative humidity dependent  aerosol extinction coefficients, The
uscer is given a choivce of meteorological parameters with which to speeify these
quantitics., The possible choices are the ambient temperature and any one of the
following: relative humidity, dew-point temperature, or water vapor density,
rom any one ol these three combinations, the program will supply the missing

values of water vapor density and/or relative humidity as described in the nex

section,
The percent relative humidity, R, is defined as 100 times the ratio of the

ambient niass mixing ratio m w the saturation mixing ratio, m The mixing
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where Py is the saturation density of water vapor at ambient temperature and P4
=
is the density of the dry airv at saturation. The saturation water vapor density at

a given temperature 1T is given by the following empivical expression. Di
. - . 2 -3
"s(l) = A exp (18,0766 - 14, 95054 - 2,4388A7) gmm

where A - '1‘0/('1‘04 0, T, = 273. 15K, and t is in “C. This expression was found
to give a good fit to published values of saturation water vapor density over water
to better tnan 1 percent for temperatures between -50°C te 50°C. b2

The foliowing section deseribes the cquation used to supply the missing values
of water vapor density and/or relative humidity.

X . L0, . Ly ..
1, Given: ambient temperature t in C and relative humidity RIEL; find p o

-1
TR R AR VTR RS
100 100 p

poopg( X

- ' VAL -3 -1
where R is the gas constant for water vapor (1.6150 X 10 "mbgmam " K 7},
1T T 4 tand P is the total pressure inmb. If the ratio of pd'/Pd% were to be

neglected in the equation for R, then . is given simply by

0\_ =P (1) N l‘_l_l.

10
v

2. Given: ambient temperature t and dew-point temperature t both in °C;

D
find r and RIH,

The dew-point temporature ' is delined as that temperature at which the

N
ambient water vapor pressure would just saturate the atr.  This condition gives

3
. Db
Pv T ps(tl))

where T and TD are the ambient and dew -point temperature in K,

The relative hunvidity is given by

o
R ) pv noo- ,)S(f)
100~ plin 7w

! -p,

D1, Selby, J.1A,, and MceClatehey, ROA, (1075) Atmospheric Transmi.tance
I'rom 6,25 to 28,5 Microns: Computer Code Lowtran 3, AFCRIL-TR-75-
0255, AD AOIT 734.

D2, l.ist, R.J. (1968) Smithsonian DMetcorelogical Tables (6th revisced edition).
Smithsoman Institute Press, Washington,

218

.1 dach

Ltk

i
i
i
1
5;

[P PSRNV TP SR 1SR I AP S RT3 S




*
where p = P/(RVT).

3. Jiven: tand P find RN

KR is calculated in the same way as in 2.
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Appendix E

Subroutine DRYSTR

Subroutine DRYSTR, listed in Table E1, can be used in LOWTRAN to generste
"doy' stratespheric waler vapor profiles, The sulroutine nges 2 constant magss
mixing ratio for water vapor above 15 km based on a recent analysis of field
measurement data by Penndorl, el In order to use this subroutine, the user should
insert a call statement in the main program (PROGRAM LOWEM) immediately alter

line LOW 1240, as follows
CALL DRYSTR 1LOW 1245

A message will be printed on the oulput file whenever this subroutine is called
giving the value of the mass mixing ratio used to gencrate the modified water vapor
profiles.

Yigures Ela and Eib show ihe "dry" stralospheric water vapor profiles vs
altitude from 0 to 100 km and cxpanded profiles from 0 to 30 km calculated from

subroutine DRYSTR, A mass mixing ratio of 2,6 ppmm was used.

¥1l. Penndorf, R. (1878) Analysis of Qzone and Water Vapor Field Measurement
Data, Federal Aviaticn Administration, Washington, D.C., Report
¥AA-EFE-78-29.
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Appendix F

Comparisans of LOWTRAN with Measurements

Comparisons of TLOWTHAN wilh rocasuremoews rrom previens TOWTHRAN
v, T2, 13

reports arc presented heve for ready reference,  These eorlier com-
parisons uscd either the rural or average confinental extinction coefficients or

the acrosol models,

Figures I'L and ['2 show transnutiance compacisions of LOWTRAN with labora-
tory measurements of Bureh et ;11] 4 for some import o water vapor and carbon
dingide bands. It will be seen that the LOWIRAN calceulations agree closely with
e mcasured spe ctral transmitance,

Figure '3 shiows o transimittancee comparison with a sca-level measuremen
Ly Ashler ot ;.11"‘) (Genere]l Dynamices). ‘The meapsurement, made with an

1, Setby, 3. A, Kueizys, +.X., Chetwyn ' Je,, JUHL, aud MeClatehey, RLA,
{1978) Atmospheric 1 ansa ittance ‘Radimee: Cornputer Code TLOWTRAN 4,
AFGL-TR=78-0003, AD A038 643,
172, Selby, J.ELA., Shettie, T Po, and MeClatchey, RUA. (1076) Aumospheric
Transmivance from 0,35 ) 28,5 gz Supple 1ent LOWTRAN 3B, ARGL. -
TR-76-0258, AD A01C 701,

Loy owselly, J0 1

Ao, cad MeClatehey, RoAL (1073 Atmospberie Transmittance
28,0 pm: Compuier Code JOWTRAN 3, ATCRT -TR-T75-0205,

4. DBurch, DB, Gryvnak, D., Singicton, U1, Froreo, (V1
D, (1962) Infirored Absorplict by Carbon Dioxide,
Atmospheric Congtituents, AFCRI-62-608,

., and Williams,
Voater Vapor, and Minor

16, Ashiey, G.W., Gostineou, 1., and Blay, 1) (1873) Poivate Comuunieation,
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interferometer of ~4-com1 resolution from 1.8 to 5. 4pum, is for a 1,3-km sea-
level horizontal path.

¥igure 174 shows a comparison of the caleulated upward atmospheric radiance
with an interferometer measurement from a balloon flight over northern Nebraska
by Chaney at the University of Michigan. G The measurement was taken at a float
altitude of 111, 700 ft. The calculated radiance usced the midlatitude winter model,
with a 23-km visual range, and a ground temperature of 280°K,

Tigure }9 shows o comparison of an inwerferometer measurement made
from the Nimbus 3 satcllit(‘y7 louking down over the Gull of Mexico with the cal-
culated atmospheric radiance, The resolution of the interferometer was 5 em”
as compared to the 20 em ™} resolution of LOWTRAN, 'Two theoretical models,
the tropical and madlatitude summer, were used for comparison, as shown in
Figure I'7 and are displaced two divisions above and below the measured radiance
for clarity. Both models assumed a 23-km visual range and uscd the temperature
at 0 KA} in the model atmosphere as the boundary temperature,

Figure I'8 sbows the comparison of atmospheric radiance as scen from space
between the LOWTRAN calculation and measurements from the Nimbus 4 satellite
for three different geographic locations, The spectra, obtained with a Michelson
intecferometer of resolution 2.8 cm_l, were measured over the Sahiara Desert,
the Meditervancan, and the Antarctic, The calculated LOWTRAN radiances used
the midlatitude winter model and a ground temperature of 320K for the Sahara;
the midlatitude winter model and a ground temperature of 285"\ tor the Mediter-
ranean; and an arctic winter cold v o.oe, 0l taken [rom the AFCRL Handbook of Geo-
physics and Space }~3nvit'(nunvms1 i a ground temperatuie of 190°K for the
Antavetic comparison,  All three caleulations asswped a 25 -k viswal range for
;u‘l‘(\.;f'uls,

}:“l‘g,urr}s 17 through 1'10 show comparisons of calculated and observed atmos-
pheric speciral radionee vs wavelength in the 8- to 14-um spuectral region,  The
measurements were made on a balleon flight Taunched from Holloman AFB, New
Mexico by Murcoray ot al, 110 University of Denver, The instrument used [Hr these
ohscervations wau a Lile grating specirometer, operated iu the M st and second or-
der of the grating,  The vesolution was 0,03 gin in the 8- to 14-pm region, The
data in these ligures are presented as a funetion of altitude and as 2 function of
zenith angle. The LOWTRAN radiance ealeulation used the pressure, temperature,

ozone, and nitric rcid profiles from the Murceray 1'0[)01'1,] 0 and the midlatitude

winter water vapor profile contained in LOWTRAN,

Hecause of the large number of references cited above, they will not be listed here,
Sce References, page 235,
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Figure F7, Sample Spa¢trum of Short Wavelength
Region Observed ai »n Altitude of 9,5 ki and a
Zenith Angle of 63" on 19 February 1975, and
LOWTRAN Comparison
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Figure F8, Sample Specirum of Short Wavelength
Region Observed at an Altitude of 13,5 km and a
Zenith Angle of 63 on 19 Februacy 1975, and
LOWTRAN Comparison
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